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PREFilCE 


This volume is based upon the lectures given as the second 
of three parts of a course occupying one year of a full training 
in economic entomology. To compile in book form a complete 
entomology, apart from description of species, would occupy 
many years and fill many volumes. In lecturing one’s attempt 
is to pick out what the student can know — essentials, and not 
details, are the requisite — and this volume attempts to select 
the usual ordinary facts about each group, which the student 
requires. The unusual, the ‘"romantic,” is cut out; there is 
no romance of nature, but the solid sober facts of the habits 
and life-histories, so far as we know them, of the usual insects. 
While admiring the “ romance ” of the insect that really does 
extraordinary things, it is not the basis required by the student 
of economic entomology, who will presently be dealing with 
an outbreak of a pest that affects the weKare or lives of many 
people. 

I have tried to adhere to a sequence of subject-ideas : name, 
popular name, diagnosis, geographical distribution, appearance 
and recognition in the field, external structure, sex recognition, 
internal structure, life history, habitat, food, literature, 
authorities, economic importance. For the student of econo- 
mic entomology, some of these headings are important; he 
wants to know how to recognize his live insect in the field ; 
he wants to be able to recognize sex ; if he catches any insect, 
or has one sent in to him, he wants to be able immediately to 
know what are its likely habits ; he wants a reference to a 
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catalogue or monograph giving him all the literature to a date. 
So I have dealt lightly with structure and morphology, more 
fully with habits and checks, and given a reference to the 
latest catalogue or monograph. 

I assume every student or worker can use the Zoological 
Record, Genera 'Insectorum, and the Review of Applied 
Entomology. In view of this,' references are given as “ Smith 
1920 ” and so on ; anyone can look these up. 

Two points are of importance : firstly, no student of economic 
entomology can devote much time to absolute morphological 
accuracy — it matters more to him how mouth-parts function 
than what is the correct name of each part ; and secondly, the 
last word in nomenclature is really unimportant. Of course, 
if one species attacking a variety of food plants can be readily 
proved to be several distinct ones, that is genuine non-inter- 
breeding species, that is of great importance. If you have a 
supposedly single species that feeds on maize, cane and rice, 
and which is really a different species feeding on each type of 
plant, it is of no use as a remedy to use maize as a trap plant 
for the cane species. But, in our times, the limit of species 
has been enormously overdone : the fact that vein 7 comes 
off from vein 6 before, at, or beyond the junction of vein 
5, is a hopeless criterion if, on it, you are to base large 
economic measures. So we have to tone down, as far as 
we can, in economic practice, the minute criteria of the 
systematist. 

Lastly, I cannot hope to deal with the changes in nomen- 
clature and do not attempt to ; our old friend Heliothis 
armigera is to some Chloridea obsoleia, all the old references 
are under the former name, and they contain much good 
work. The curse of our subject is this continual changing 
of nomenclature on grounds of priority. Some day ento- 
mologists will realize how they handicap their science ; may 
this day come soon. I have had to take a middle course, 



PREFACE 


one between that of the ultra-conservative and the ultra- 
nomenclaturist. 

For students it has been necessary hitherto to rely on Sharp’s 
volumes on Insects in the Cambridge Natural Historyy but 
these are now out of date, and while very admirable in parts 
(e.g. Orthoptera) are not really adequate in many groups (e.g. 
Curculionidce), For training in economic entomology tropical 
groups are so important that Indian Insect Life has been in 
constant use in this College, but is now no longer obtainable. 

The underlying idea of this book is best expressed as follows : 
Imagine seven entomologists in Piccadilly Circus, and that they 
see a beetle crossing the road. The systematist says, “ Carabus 
octodecimpuncMa Smith var. Nigro-fasciaia Jones,” and his 
interest ends there. The morphologist says, “Beetle, with 
undeveloped hypopharynx, dieroistic egg-tubes, etc., etc.,” and 
his interest ends. The collector says, “ Ordinary common 
variety, ten males and females in my collection,” and passes 
on. The Mendelist speculates, thinks back over literature of 
inheritance in Carabidce, and wishes he were back in his 
library. The evolutionist speculates also, as to the common 
ancestor of Carabidce and Dermaptera, as to whether the cara- 
boid or scarabaeoid larva came first, and also passes on specu- 
lating. The bionomist says, “Carabid, carnivorous, free 
living, no business to be here,” and the economic man says 
much the same, but wonders what he would do if an out- 
break of these occurred in Piccadilly and he was called on 
to cope with it. It is the last two men that I attempt to 
interest. 

Illustrations are reduced to the barest minimum, as I do 
not believe in encouraging identification from pictures. Every 
student should work with a collection, and, when reading up 
a group, have actual specimens to examine and dissect. Some 
illustrations are from Indian Insect Life, and therefore not 
acknowledged, as they are my copyright. 
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APTERA 

Wingless insects derived from wingless ancestors. No 
metamorphosis. Primitive biting mouth -parts with maxil- 
lulse. 

The members of this group are extremely widely distributed, 
some genera being found all over the world ; tlie Thysanura, 
however, are mainly tropical, and the Collemhola mainly 
temperate. 

The Aptera are possibly the most primitive of all insects, 
being allied, in many respects, to the Myriapoda and Pauropoda, 
more especially with regard to the head, legs, and abdominal 
appendages ; even their embryology resembles that of Myria- 
poda. These very characters are those in which they differ 
most from the more advanced types of Insects. Some of the 
lines of development followed by tlie Aptera are actually more 
suggestive of the Crustacea than of the Myriapoda. Thus 
their common ancestor was, in all probability, a form inter- 
mediate between Crustacea and Myriapoda. The various 
classes of the Aptera are linked very closely together and their 
affinity to the Pterygota is so questionable that the suggestion 
of some authors that the former should be altogether removed 
from the Insecta is quite reasonable. They are all small, 
wingless, soft-bodied insects, in colour generally white or 
brown, black or grey, though some are quite brightly coloured ; 
as a consequence of their living chiefly in concealment, the 
colour is of little significance. 

The head is usually large and bears (except in Protura) a 
pair of well-developed antennae with a varying number of 
joints. The mouth-parts consist of a labrum, a pair of man- 
dibles, maxillae with palps, a hypopharynx and a labium 
bearing labial palps ; in many forms a pair of maxillulae is 
also present {Anurida), In many cases, the mouth-parts are 
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retracted within the cavity of the head. Eyes may be present 
or absent. 

There are three pairs of running legs clothed in hairs ; one 
or two claws occur on the tarsi. The abdomen, which may 
be linear or globular in form, consists of from six to twelve 
segments. Abdominal appendages of varying form are 
always present, of which the most characteristic are the 
abdominal styles and sacs on segments one to eight, varying 
in the groups, and the long cerci of the Thysanura and the 
furcula and ventral tube of the Collembola. In all these insects, 
the body is clothed in hairs to a greater or less extent ; some- 
times longer clubbed hairs are present, and in some forms, the 
body bears flat scales, which somewhat resemble those of 
Lepidoptera, The alimentary system is simple; Malpighian 
tubules are sometimes absent. The nervous system is of the 
primitive Annelidan type, though in some groups the abdominal 
ganglia are wanting, or are fused with the last thoracic ganglion. 
The tracheal system is often little developed, being sometimes 
entirely absent. Remarkable variations exist in the form of 
the genitalia, especially in the Thysanura, 

Apterygota occur in a variety of situations, but, speaking 
generally, Thysanura are found more abundantly in warm 
regions and dampness is not an essential feature of their 
surroundings, while CoUembola seem to prefer temperate 
regions and are always found in damp situations. 

Their economic importance is very slight ; a few Thysanura 
are minor household pests, and some of the CoUembola damage 
roots and seeds of plants. 



PROTURA 


M yrientoma ta . A nameren ioma . 

Antennae absent. Three pairs of abdominal appendages. 
Twelve abdominal segments. 

In distribution, the Proiura are both temperate and tropical. 

Possibly the most primitive group of the Aptera, they are 
minute, white, soft-bodied insects, the largest being two 
millimetres long, and many being so small as to be almost 
invisible to the naked eye. They possess no antennae, being 
in that respect unique amongst all known insects. The fore- 
legs are generally held up over the head, appear to be antennae 
at first sight and probably function as such. The head is 



Fia. 1 . — Acerentomon sp. (x 25.) 
(After Berlese.) 


rather small, coming to a point in front ; the mouth-parts, 
which are withdrawn into the head (entotrophic), consist of a 
pair of styliform mandibles, a pair of maxillae, and a labium, the 
latter two bearing palps ; the maxillary palps are large and can 
be seen projecting from the head at each side. No true eyes are 
present, but there is a pair of what Berlese calls “ pseudocelli ” 
near the front end of the head. Becker believes these to be 
related to the post-antennal organs of CoUembola, and suggests 
that they respond to vibrations. The legs are short, with a single 
claw on the tarsi ; the fore-legs are rather longer than the others 
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and serve for tactile purposes, to replace the antennae, being 
provided with special sense-hairs for the purpose. The 
abdomen consists of twelve segments in the adult state, a 
greater number than is present in any other mature insect. In 
the earliest embryonic stage, as far as is known, nine segments 
only exist and the remaining three are interpolated one at a 
time between the last and penultimate segments, as the pro- 
cess of growth continues. Certain paired appendages occur on 
the first three abdominal segments, of which the first pair are 
always two-jointed, and the others either one- or two-jointed. 
No anal cerci are present, the final segment of the body being 
truncated— from which fact the name Protura is derived. The 
sexes can only be distinguished by a study of the genital 
system. 

The head and prothorax of some contain certain small, 
dark, rounded structures termed ‘‘ concretions ” by Eimsky- 
Korsakow ; these are disposed symmetrically— five pairs in 
the head, and three pairs in the thorax. Their function is 
not known. The alimentary system is simple, possessing a 
long mesenteron ; six short Malpighian tubules occur. A pair 
of glands opens on the eighth abdominal segment. 

The nervous system is of the typical Annelidan form, pos- 
sessing six pairs of ganglia in the abdomen. Certain supple- 
mentary ganglia are also present at the base of each leg. No 
tracheal system occurs in some forms, while others possess 
two pairs of spiracles, on the meso- and meta-thorax. Prell 
states that the tracheje from the mesothoracic spiracle supply 
the head, thorax, and two hind pairs of legs, while those from 
the metathoracic pass to the abdomen and hind-legs. In the 
female, the genitalia consist of two straight simple ovaries with 
oviducts which pass back ventrally from the metathorax, 
uniting in a short vagina opening between the eleventh and 
twelfth segments. The male possesses two large testes joining 
anteriorly at the metathorax ; from these pass long, coiled 
vasa deferentia to the protrusible penis situated between the 
eleventh and twelfth segments. 

Of the life-history extremely little is known. No deposited 
eggs have yet been discovered, but their relatively large size 
as seen in the oviduct suggests that they are laid only a few 
at a time. Larval forms have been found, differing from the 
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adult in possessing fewer segments in the abdomen. There 
is some uncertainty as to the nature of their food, though it is 
probably of a soft character, the bark-inhabiting forms prob- 
ably feeding on sap or plant-tissues, and the ground species on 
decaying vegetable matter. Protura are found under stones, 
in moss and peat, under the bark of trees, etc. Williams 
says, ‘‘ Rimsky-Korsakow describes them as being solitary, 
and usually I found them only one or two at a time, but on one 
occasion I obtained fifty from one small block of peat, while 
Bagnall alludes to finding them in profusion.” The best way 
to collect them is by use of the Berlese funnel. One species, 
Protapteron indicum^ was made the basis of a new order, the 
Protaptera, by Schepotieff (1909), who discovered some speci- 
mens in preserved decaying palm-fruits in Malabar. But they 
were found to be merely a species of Protura, and the order 
Protaptera has now been abolished. The Protura are divided 
into two families as follows : — 

Acerbntomid^. 

First abdominal appendage two -jointed, second and third 
one -jointed ; tracheal system absent. Acerentomon, Acerentulua, 

Eosentomid^. 

All abdominal appendages two -jointed ; two pairs of 
spiracles, on the mesothorax and metathorax. Eoaentomm, 

Representatives of both families are found in England. 

Berlese monographed the order in 1909. Silvestri (1907 
and 1909), Borner (1909), and Prell (1911 and 1912), have also 
written on this order. Bagnall gave a popular account of the 
group in 1912, and Williams in 1913 wrote a summary of the 
knowledge then extant. 



THYSANURA 


Abdomen with ten or eleven segments. Antennae with 
many segments. Anal cerci present. Abdominal styles 
present. 

Thysanum are confined mainly to tropical regions, very few 
being found in temperate lands. 

They are small, white or greyish, soft-bodied insects, recog- 
nizable by their long, many-jointed antennae and anal cerci. 
The body is narrow and flattened, varying in length, over all, 
from a quarter to three-quarters of an inch, and is covered with 
scales or hairs. 

The head, which is well marked, is sometimes partly concealed 
by the prothorax. Eyes may or may not be present. The 
biting mouth-parts are drawn into the head (entotrophic) in 
some forms, while in others they axe situated externally as 
those of normal mandibulate insects ; they consist of labrum, 
mandibles, maxillae and maxillary palps, hypopharynx, labium 
and labial palps. 

Three distinct segments are present in the thorax ; the legs 
are moderately long, and bear two claws on the tarsi ; in one 
family a small, cylindrical appendage, resembling those on the 
abdomen, occurs on the basal segment of the last two pairs of 
legs. The abdomen is flattened with ten or eleven segments 
either nearly equal or gradually tapering posteriorly. Ab- 
dominal appendages occur in all forms, consisting of a series of 
styles and protrusible, tube-like, vesicular structures, varying 
in arrangement in the different groups. The sexes in Thysanum 
are distinct. In the female, the ovipositor consists of four 
elongated, cylindrical, rod-like appendages, of which the two 
anterior proceed from the eighth, and the two posterior from 
the ninth'segment. The male possesses a broader and shorter 
spatulate process on the ninth segment. 

Salivary glands are present in all forms. The alimentary 
canal is straight and simple ; a gizzard containing horny teeth 
is sometimes present. 
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Malpighian tubules are present in some forms, while in 
others their place is taken by a ring of large glandular cells at 
the posterior end of the mid-gut; in one family there is appar- 
ently no special secretory apparatus. 

The nervous system is Annelidan in form, supra- and sub- 
oesophageal ganglia being present in the head, connected with 
ganglia in each division of the thorax, and in the first seven or 
eight abdominal segments. There are three to ten pairs of 
spiracles, the thorax always possessing a pair in each segment ; 
the prothoracic are the largest ; some species of Japyx are 
stated to have four pairs in the thorax. An ostiate heart is 
present. 

The genitalia of this order are extremely interesting and 
peculiar. The two ovaries arc cither simple or give off a 
number of short egg-tubes (ovarioles) ; in all cases the oviducts 
unite and open between the eighth and ninth segments. The 
testes resemble the ovaries, being simple or compound, and 
also opening at the end of the eighth segment ; the vasa 
deferentia may be short or long and coiled. 

Thysanura arc found always in conceahnent, inhabiting the 
soil, peat, moss and decaying vegetable matter. Some are 
found only in houses and a few live on rocks by the sea- 
shore. 

Extremely little is known of the habits and life-history. 
The eggs are white, and generally laid singly, and hatch into 
nymphs much resembling the adult ; in this order there is no 
post-embryonic increase in the number of abdominal seg- 
ments. The group as a whole are scavengers, but may be 
predaceous. 

The chief authorities on the order are Berlese, Silvestri, 
Bagnall and Carpenter. Lubbock monographed the Thysanura 
in 1873. Other works are those of Grassi and Oudemans 
(1888), Willem (1899), Eschcrisch (1903 and 1905), Silvestri 
(1905), Hilton (1917— nervous system), and Hansen (1917 — 
sense organs). 

In 1919, eight British species had been recorded. In addi- 
tion Bagnall has divided Campodea staphylinus into several 
species. The members of this order are of little economic 
importance. Lepisma and other allied genera eat the glaze 
of photographs and starchy substances and feed on paper. 
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The order is divided into five families — Campodeidce, PrO' 
japygidce, Japygidce^ Machilidce, and Lepismidce, 


CAMPODEIDiE. 

Mouth-parts retracted. No median process. Generally 
no eyes. Eleven abdominal segments. 

The Campodeids are a family widely distributed in temperate 
regions, but rare in dry, hot climatic 
regions. 

Small, white, delicate insects, resem- 
bling minute centipedes as they wind 
their way sinuously among the particles 
of soil in which they live, they are 
conspicuous for their long cerci, large 
heads, and hairy bodies. 

They possess long, well-developed an- 
tennse, and their eyes are usually absent. 
As in predaceous insects, the mouth- 
parts are prognathous (pointing for- 
wards). The mandibles are curved and 
dentate, the maxillary palpi one-jointed 
and less developed than those of the 
other families. 

The thoracic segments are distinctly 
marked; there are no scales on the 
body, and the abdomen tapers only 

Fio 2 —Campodea s ^^e last segment bearing a pair 

median 

appendage. Abdominal appendages are 
situated on the first to seventh segments ; on the first is a 
pair of “ uropods ” or vestigial abdominal legs ; one sac and 
one stylet are present on each side in abdominal segments 
two to seven. 

No Malpighian tubules occur in this group, their place being 
taken by a ring of sixteen large, glandular cells. Only seven 
abdominal ganglia are present ; the spiracles are confined to 
the three divisions of the thorax. Nine pairs of ostia occur in 
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the heart. In this family, the genital organs are of a much 
simpler and more primitive form than those found in the other 
groups. The ovary is merely a long, straight tube running 
down the side of the body. The testes resemble the ovaries 
and pass into a short vas deferens. 

These small insects, of which there are three genera, Cam- 
podea, Entrichocampa, and Lepidocampa, may be found in soil 
and decaying vegetable matter, in moss, in wood, under the 
bark of trees, among dead leaves, etc. They are probably pre- 
daceous, and are of no economic importance. According to 
Bagnall, there are several British species, of which Campodea 
staphylinus is the best known. 


PROJAPYGIDiE. 

Mouth-parts retracted. Anal cerci segmented. No 
median process. Generally no eyes. Eleven abdominal 
segments. 

This family was founded for one species, Projapyx stylijer, 
from West Africa, by Cook (1899). It occupies a position 
intermediate between the Japygids and the Campodeids, which 
are the most primitive of Thysanura. By some authors they 
are considered to be the most primitive of all the insects, 
but that position is undoubtedly held by Protura. They are 
found only in warm countries. The antennae are stouter than 
in the Campodeids, and there are usually no eyes. The body 
bears no scales ; the eleventh segment is reduced and covered 
by the tergum of the tenth. Two rather short anal cerci occur, 
of fewer segments than those of Campodea, Abdominal 
appendages are present on segments one to seven, the first 
bearing a style and a pair of conical processes on each side, 
while the remainder have only a style. 

Seven pairs of abdominal ganglia occur, and there are 
seven pairs of spiracles in the abdomen. The ovary possesses 
ovarioles. The heart has nine pairs of ostia. Silvestri (1905) 
has written about this group. 
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jAPYGIDiE. 

Mouth -parts retracted . Abdomen ends in a pair of forceps . 
No median filament. Generally no eyes. Apparently ten 
abdominal segments, actually eleven. 

These insects are confined entirely to tropical countries. 
They are small, white or brown, having a smooth body with 
few hairs, a long, distinctly segmented abdomen, and the cerci 
modified to form a characteristic pair of forceps. 

The antennae are large and hairy ; eyes are usually absent. 
Curved, dentate mandibles and two-jointed maxillary palps 
are present. The thorax is well marked ; the legs are slender 
and covered with hairs. The abdomen tapers at both ends ; 
appendages are found on the first to the seventh abdominal 



segments, being more rudimentary than in the Campodeidm ; 
they consist of a pair of hairy papillae and a short style on each 
side. 

The alimentary canal includes a large cylindrical stomach 
and a short intestine ; no gizzard is present. There are no 
Malpighian tubules nor apparently anything to take their 
place. Eight pairs of ganglia and seven pairs of spiracles 
occur in the abdomen. An extra pair of spiracles is present 
in the prothorax— the only case known in Insects of the thorax 
possessing more than three pairs. 

The arrangement of the genitalia is more primitive than that 
of the other families, the ovaries consisting of a pair of egg- 
tubes in each of the first seven abdominal segments ; these 
join a common duct on each side. The male organs consist 
of a single pair of sacs, each with a caecum at its base, and 
long coiled vasa deferentia. 

These tropical insects, which include a number of genera 
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such as Japyx, ParajapyXy and Emlljapyx, occur generally in 
damp, decaying vegetable matter. In habits, they may be 
predaceous. 

Silvestri has recently described new species. None are 
British. 


Machilid^. 


Bristle-tails. 

Mouth -parts exserted. Median process present. Com- 
pound eyes. Eleven abdominal segments. 

These insects are widely distributed in both temperate and 
tropical regions. They are small, quick-moving creatures, 
covered with scales or hairs. 

The head is rather small, bears long antenna), and is some- 
what compressed laterally. Large, contiguous, compound 
eyes are present. The mouth-parts are hypognathous, i.e. 
pointing downwards, and are rather delicate in structure, 
resembling those of Collembola, Elongate, slender mandibles 
occur which are only slightly toothed, while the maxillae bear 
palps which are long and seven- jointed. 

The prothorax is divided from the rest of the body by a deep 
constriction. Legs of moderate length occur ; on the coxae 
of the second and third pairs are appendages resembling those 
found on the abdomen. The body is sub- cylindrical and 
tapering, generally covered with flat scales. In the abdomen, 
the dorsal plates overlap the ventral. A pair of anal cerci, 
shorter than in Lepismay are situated at the end of the abdomen, 
together with a long, many-jointed, median process. In 
addition, there are sub-abdominal appendages on the second 
and ninth segments ; in this family, these attain perhaps their 
highest development. 

The members of this family are generally capable of springing. 
Females may be distinguished from males by the possession of 
an external ovipositor. 

The alimentary canal consists of pharynx, oesophagus which 
gradually dilates to form the proventriculus, bearing horny 
teeth, the true stomach, narrow ilium and rectum. Twelve 
elongate Malpighian tubules arise from the posterior end of 
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the stomach. There are eight pairs of abdominal ganglia. 
Eight pairs of abdominal spiracles are present. The heart 
has nine pairs of ostia. The ovaries consist of seven egg-tubes, 
opening into a common duct on each side of the body : though 
this is a primitive character, the arrangement of the tubes is 
not strictly segmental. The organs comprise, on each side, 
three dilated sacs with long vasa deferentia of curious form, 
joining a common duct. 

The young differ very little from the adult, the eyes being 
compound even in the youngest stages. This family contains 
a number of genera, of which Machilis is the commonest. They 
are probably all scavengers, feeding on decaying vegetable 
matter. 

Machilis maritirm is commonly found on rocks on the 
English coast, M, polypoda occurs amongst dead leaves. 
Others are found under loose stones. Assmuthia spinosissirm 
and PlaUjstelea barbifer live in termites’ nests in India. 


Lepismid^. 

Mouth-parts exserted. Median process present. Eyes 
simple, when present. Eleven abdominal segments. 

Though widely distributed, more tropical than temperate 
species have been recorded. 

In some ways, this is the most advanced group of the Thy- 
sanura. The body is generally covered with flat, silvery 
scales, which may, however, sometimes be absent. By this 
character and by their movements they may be easily recog- 
nized. 

A small head is present, which is dorso-ventrally flattened, 
and which bears a pair of large antennae ; the eyes consist of a 
group of a few ocelli. Prognathous mouth-parts occur ; the 
mandibles are short and strong, the maxillary palps well 
developed and five-jointed. The thoracic segments are very 
distinctly marked, and larger than those of the abdomen. A 
gradually tapering abdomen bears at the end two anal 
cerci and a median appendage. Sub-abdominal appendages 
occur on the eighth and ninth segments [Lepisrm), or on the 
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second to ninth (Nicoletia). An ovipositor is present in the 
female, of the same form as that found in Machilis. 

The digestive system resembles that of the Machilidce, the 
gizzard possessing six horny teeth. Six elongated Malpighian 
tubules occur. There are eight pairs of abdominal ganglia, 


and eight pairs of spiracles are pre- 
sent in the abdomen. Nine pairs of 
ostia occur in the heart. In the 
female Lepismid, the genital organs 
much resemble those of Machilis in 
form, but five egg-tubes are present 
on each side, and the arrangement is 
segmental in the young state, though 
in the adult this segmentation is lost. 
The testis of the male consists of three 
saclike structures opening into a com- 
mon duct. Nocturnal and gregarious 
in habit, these insects are found 
mainly in houses and include Lepisma 
and Ctenolepisma, which latter in 
India feeds on paper and the gummy 
matter which gives the glaze to its 
surface. Ctenolepisma lays white, oval 
eggs. 

Lepisma saccharina, the Silver-fish 
Insect, is commonly found in houses 
in England. Cornwall describes the 
life-history, anatomy, and internal 
fauna of a Lepismid (Ind. J, Med, 
Research, III, i, p. 116 (1915). Ther- 
mobia furnorum lives in warm corners 
of the house, and in such places as 



Fig. 4 . — Lepisma sp. 
(X 4.) 


bakehouses, where the bakers refer to it as the “ fire-brat.” 


The family as a whole are of very little economic importance, 
though Lepisma and Ctenolepisma are reported to cause 
damage to photographs, in the tropics, by eating the glaze 
composing the surface. 



COLLEMBOLA (Spring-tails) 


Abdomen with not more than six segments. Antennae 
with few segments. No anal cerci. Ventral abdominal 
tube present. 

Collembola are widely distributed, though mainly found in 
temperate regions. They are small, active insects, generally 
dark-coloured, sometimes white, many being prettily marked 
in various shades of green, yellow, or blue. They possess a 
ventral sucker on the abdomen and also usually a springing 
apparatuS'Or furca ; the leaps appear to be made at random, 
being repeated till the insect feels itself to be in a position of 
safety. One of the most curious characters of this order is the 
possession of at the most six segments in the abdomen, for all 
other known insects in the mature state have at least ten. 

The head is always large and extremely well defined ; in 
some groups it is partially covered by the prothorax. The 
antennae are well developed and generally large, and consist 
of from four to six joints. In some species, specimens are 
frequently found with a greater number of joints in one 
antenna than in the other, and the length of the joints varies 
considerably ; this disparity is due to the fact that the antennal 
joints, when broken off, are never replaced by fresh ones. Eyes 
are generally present, each consisting of a group of a varying 
number of ocelli ; they appear as a dark patch on each side 
of the head. 

A very remarkable structure occurs in some Collembola; 
this is the pro-stemmatic or anteocular organ, termed by Sir 
John Lubbock the post-antennal organ, since it is present in 
some forms possessing no eyes. It consists of a series of dark 
patches arranged in a circle, and is situated behind the antenna 
on each side. But little appears to be known of its structure 
or function. The mouth-parts are retracted within the cavity 
of the head and consist of labium, mandibles, maxillae 
with palps, maxillulae of delicate build, hypopharynx and 
labium ; the labium bears no palps. 

The thorax is not distinctly separated from the abdomen ; 
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of its divisions, the prothorax is the shortest, and is some- 
times completely covered by the mesothorax. Moderately 
long legs are present, the tibiae in some species terminating in 
two claws, in others in one claw ; there are no tarsi. Hairs, 
which are sometimes clavate in form, and in a few species 
scales, cover the body. The body in shape is either long and 
cylindrical or short and globular. 

Beneath the first abdominal segment is situated a ventral 
tube or sucker. In some genera it is a simple tubercle divided 
into two halves ; in other forms it is further developed, being 
enlarged and divided distally into two lobes, while ki one 
group the insect is capable of protruding from the end of the 
sucker a pair of long, delicate, glandular tubes. This organ is 
undoubtedly used for adhesive purposes, to give the insect a 
firmer grip on the surface to which it clings ; this function is 
probably assisted by the secretion of a viscous fluid which the 
sucker contains. The large saltatorial appendage or furca 
occurs on either the penultimate or ante-penultimate segment, 
but is not homologous in the various groups. It consists of a 
basal joint and a pair of arms, which are simple or two-jointed 
and generally serrated on the ventral surface to ensure a secure 
grip on the ground in the act of leaping. In most groups, it 
is turned forwards, and in some lies within a median groove. 
A curious appendage, the so-called “catch” or retinaculum, 
horny, and in most cases two-jointed, bearing two arms, holds 
the furca in place when not in use ; it is generally situated on 
the third abdominal segment. The ventral tube, retinaculum 
and furca are all modified vestiges of the abdominal legs 
occurring in more primitive orders such as the Crustacea. 

Salivary glands are probably present. The digestive 
system is straight and simple ; the lining of the oesophagus 
is chitinous and thrown into folds. Amoebocytes occur in 
the stomach, which often contains Gregarines. Malpighian 
tubules are wanting. In the nervous system, the abdominal 
ganglia are absent, or are fused with the last thoracic ganglion ; 
the heart is ostiate. The tracheal system is of slight develop- 
ment, but varies in the different groups ; in some forms no special 
respiratory organs occur at all. Spiracles, when present, are 
situated also in the head, one pair occurring there in Sminthurus, 
The genital organs are of very simple structure, and similar 
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in both sexes. They consist of a single tube on each side of 
the body, commencing at the anterior end of the abdomen and 
passing back to open in the fifth segment. A narrow vagina 
is present in the female, which also possesses small globular 
accessory glands. The testes unite posteriorly in a triangular 
receptacle — probably the spermatheca — from which a short, 
narrow vas deferens passes to the ejaculatory duct, which 
latter opens, as in the female, on the fifth abdominal 
segment. 

Eggs are laid either singly or in batches of from fifty to a 
hundred under bark of trees, dead leaves, etc. They are 
smooth when first laid, but in some cases, according to Lubbock, 
they later develop hairs on the surface. In a description of 
the life-history of Isotoma Walkeriii Packard states that the 
eggs are round and glistening white, and are laid on the under- 
side of bark. The young hatch out in from six to ten days. 
On hatching, the young nymph is perfectly white and very 
active ; it is then about *01 of an inch in length and is relatively 
shorter and broader than the adult ; it has a stout, short spring, 
while the head is rounder in form and the antennae are thicker ; 
in fact, it resembles the adults of lower forms such as Lipura. 
After the first moult, it is :02C) of an inch long, and still white 
in colour. A second moult takes place, and the insect then 
becomes of a purplish hue and more slender in build, now 
closely resembling the adult. (It is to be inferred from 
Packard’s account that at least a third moult occurs before 
the adult stage is reached.) 

Collembola are found in great numbers in almost any damp 
situation. Many live in loose earth, among dead leaves, under 
bark ; some live in houses, some on the leaves of plants ; others 
are found on the surface of still water, while certain species 
are known on snow in the Arctic regions. A number of species 
are myrmecophilous, being found in the nests of some ants ; 
these forms are always blind and without saltatory appendages. 

The chief authorities on this order are Silvestri, Nicolet, 
Bourlet, Folsom, Bagnall, Carpenter, and Imms. 

Lubbock monographed the Collembola in 1873. Borner 
wrote a monograph of the family Neelidae in 1906, in Genera 
Insectorum, Fasc. 45. Other important works have been 
written by Willems (1899), Collinge (1910), Quiel (1916), 
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Crampton (1916), and Folsom. The number of British species 
recorded up to the present is about 100. 

Colkmbola (mainly Sminthuridce) cause direct damage to 
the roots and seeds of plants by feeding on them, and by thus 
exposing them to the attacks of Fungi. Achorutes is an im- 
portant pest in mushroom-houses, as it becomes extremely 
abundant and then disfigures the mushrooms. 

Other cases are recorded of damage to growing plants : 
these are really rare : Sminthurus has been found abundantly 
on spinach and beans ; but that does not imply real damage. 
There may be cases of damage, chiefly due to the superficial 
laceration of the tissue, which admits other disease ; but these 
are unusual. 

Collembola are subdivided as follows : — 

A rthropleona- A choruiidce, Entomohryidce. 

Symphypleona — Smynthuridm, Neelidce. 

AETHROPLEONA, — The head is directed forward or 
downward. The post-antennal organ is usually present. The 
antennje are four- to six-jointed, the body is more or less cylind- 
rical in form. 


ACHORUTIDiE. 

Furcula short, when present. Scales never present. 

These small, crawling insects are white, pink, or blue in 
colour and slow in movement, being conspicuous by the fact 
that they do not leap as do the rest of the Collembola. The 
body is broad and rather flat, bearing hairs but no scales. 

The head is dorso-ventrally flattened and is directed straight 
forwards. Eyes are usually present ; the antennae are broad 
and rather short. There is little distinction between the 
thorax and abdomen ; the legs are short and possess generally 
two claws, though in some cases only one claw is present. There 
are no scales on the body, which is usually granular, while the 
segments of the abdomen are clearly defined. The furcula, 
when present, is situated on the fifth segment and is quite 
short ; its absence in such genera as Lipurq and Anoura is 
accompanied by loss of the retinaculum. The last segment 

0 
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of the abdomen in some forms bears a pair of short upturned 
hooks. In Anurida^ the secretions of a pair of head glands 
pass along a groove between the legs into the ventral tube, 
assisting in its function of adhesion. The female is usually 
larger than the male. Included in this family are the 
genera Achorutes and Lij^ura, found mainly in decaying veget- 
able matter, Anurida, including A. maritima which lives on 
rocks by the sea-shore, and Podura, of which P. aquaiica is 
found on the surface of standing water. A. maritima lays 
eggs in the crevices of the rocks and probably has many moults. 



Entomobryid^. 

Furcula long. Scales present in some. 

The members of this family are active creatures, running 
about and leaping vigorously when disturbed ; they include 
some of the largest forms of Collembola. The body is cigar- 
shaped, the sides being sub-parallel. Scales are generally 
present, clavate hairs often occur, while the furca is very 
much larger than in the preceding family, and in some species 
of Isotoma is situated on the fourth abdominal segment. The 
head is directed obliquely downwards and is often partially, 
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sometimes wholly, concealed by the pronotum. Two claws 
are always present on the tarsi. There is no tracheal system. 
Isotoma occurs often under bark, though I. aqmtilis is found 
on the surface of ponds. Orchesella and Tomocerus are other 
genera. Cyphoderes (Beckia) is blind and is found in the nests 
of some ants. Heteromuricus. cavernicchs occurs in moles’ 
nests and is also blind. As is the case with all Collembohy 
these insects are always found in damp situations. 

SYMPHYPLEONA. The head is usually vertical in 
position, i.e. points straight downwards ; the antennae, almost 
without exception, are four-jointed and elbowed. In form, 
the body is short and globular, the thoracic and abdominal 
segments closely united. Protrusible tubes occur in the ven- 



Fig. 6 . — Papirius sp. (X 50, about.) 


tral sucker. No scales are present, the body being generally 
only sparsely pilose. The heart extends back only about a 
third of the length of the abdomen and possesses only two 
ostia. 


Sminthurtd^. 

Antennae inserted on hinder portion of head. Coxae as 
long as, or shorter than, the trochanters. Eyes usually 
present. 

A globular body with somewhat flattened sides character- 
izes these small insects. They have a large head with long, 
four-jointed, elbowed antennae. Long, rather slender legs are 
present, and the furca occurs on the fifth abdominal seg- 
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ment. Quite a well-developed tracheal system exists, especially 
in Sminthurus and Sminthurides, with a pair of spiracles in the 
head. 

Papirius was originally placed by Lubbock in a separate 
family. Sminthurinus cor ecus, a blind species, is found in 
moles’ nests. 

Sminthuridm are sometimes very abundant on the surface 
of ponds and tanks. Some occur in spasmodic abundance on 
plants, and are reported as destroying seedlings : such cases are 
rare and unimportant. 


NEELiDiE (Megalothoracidm ) . 

Antennae inserted on middle or anterior portion of head. 
Coxae markedly longer than trochanters. Eyes absent. 
Body globular, segments indistinct. 

This family resembles the preceding one in general external 
form, but differs in a number of points. One of the most 
characteristic of these is the possession of very short antenna^ 
which are only half the length of the head. The body is rather 
bristly, but bears few hairs except in the anal region ; the 
metathorax is long, the furcula about twice the length of 
the antenna>, and there are no eyes or post-antennal organs. 
Apparently tracheae are wanting. The stomach differs from 
that of other Collmiboh in consisting of a series of four cham- 
bers. Only the first abdominal ganglion is present, and this 
tends to become united with the last thoracic ganglion. The 
maximum length of these creatures varies from *25 mm. to *56 
mm. 

Two genera are recorded, Neelus and Megalothorax ; they 
are generally found under bark, amongst dead sticks or in the 
soil. (Genera Insectorum, 1906.) 
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PTERYGOTA 


Insects winged in the adult stage, or if wingless, derived 
from winged ancestors. 

PLECOPTERA {Perlaria, Platyptera), Stoneflies. 

Wings membranous and reticulate. Fore-wings narrow. 
Hind-wings generally much broader and with a large plicate 
anal area, folded fan-like when at rest. Antennae long. 
Coxae small and separated. Anal cerci present, as a rule. 

Stoneflies (Plate I, Fig. 6) are recorded from most parts of 
the world, but are only found in the vicinity of water. As a 
rule they are dull and unattractive flies, of medium or fairly 
large size, generally brown or blackish in colour ; some 
EustJienikhxi, however, are brightly coloured. They can often 
run rapidly and might at first sight be taken for beetles, though 
the fore-wings are not chitinized as elytra. When closed, 
there is a distinct square shoulder noticeable to the fore- wings. 
The hind-wings are folded fan wise under the fore pair when at 
rest. Flight is slow. 

The head is of quite large size, with long, filamentous, many- 
jointed antennae. There is a pair of ill-developed compound 
eyes, and three, more rarely two, ocelli. Mouth-parts are of 
simple biting type in some, but in others they are so reduced 
as to render feeding in the adult state impossible. The mand- 
ibles in such cases may exist merely as small fleshy or mem- 
branous lobes. Maxillae are also often reduced, but the five- 
jointed maxillary palpi arc always present and well developed. 
The labium varies in form, but as a rule possesses three- 
jointed labial palpi. The prothorax is free, squarish, and well 
developed with a large flat notum. Meso- and meta-thorax 
bear wings. In the sternites of the thoracic segments are slits 
covered by membrane. Legs are slender with a three-jointed 
tarsus and two tarsal claws. The wings are usually fully 
developed, though in some species the males are micropterous. 
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Venation is variable, especially in the position and number 
of cross-veins. The hind- wings are generally much larger than 
the fore-wings, due to the expansion of the anal area, which 
is folded when the wings are at rest, as in the Orthoptera. A 
curious feature of the hind-wing venation is that the radial 
sector is, in the imago, attached to the media instead of to the 
radius. The abdomen is often provided at its extremity with 
filamentous, many-jointed cerci. Males are smaller than the 
females. 

In Perla the alimentary canal is fairly simple, but not of 
usual pattern. The oesophagus is of considerable size, there 
being no crop or gizzard, except in the larva. From the 
anterior portion of the stomach a lobe is given off on each side 
and there are also eight smaller sac-like diverticula. The 
stomach is quite small posteriorly, and at the commencement 
of the intestine, which is short and straight, are inserted from 
twenty to sixty Malpighian tubules. Two pairs of large 
salivary glands arc present. This type of digestive system 
is not constant in the Plecoptera, but varies considerably in 
complexity. The reproductive organs are peculiar in that the 
ovaries or testes are connected together anteriorly so as to 
form an arch. Vesiculae seminales may be present or absent. 

After pairing, the eggs as extruded collect in a mass at the 
end of the abdomen and may be thus carried about for one 
hour or one day by the female. They are then at some time 
washed off into the water. Here the eggs separate and travel 
with the current of the stream a short distance. As soon as 
the glutinous cap at the micropylar end comes into contact 
with a solid object it adheres and thus eggs may be found 
attached to stones, etc. The egg of Perla is about *5 mm. 
long, dark brown in colour, and oval or vase-shaped. Occa- 
sionally there is a circular ridge surrounding it at the end 
opposite to the micropyle, otherwise the chorion is without 
ornamentation. About 1,600 eggs may be laid by a single 
female in three or four masses. Pairing takes place in between 
each successive oviposition. 

The nymph (Plate I, Fig. 7) is somewhat similar to the imago 
in the shape of the body, but wings are of course not present, 
except as rudiments in later life. Mouth-parts are well devel- 
oped and of biting type. Tracheal gills are present, and are 
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commonly filamentous, in tufts ; less often foliaceous (Nenioura), 
They vary in position, being sometimes placed on each side 
of the thorax, or on the sides of the abdomen, or at the base of 
the caudal stylets on either side of the anus. In the adult, 
gills often persist in reduced form. The legs are long, flattened, 
and fringed with hairs, well adapted for swimming or running. 
There are two tarsal claws. At the posterior end of the 
abdomen a pair of slender, many-jointed cerci are nearly 
always present. 

The nymphs are mainly carnivorous, feeding on Chironomid 
and Simnlium larvse, but there is good reason to believe that 
some of the smaller species are herbivorous, judging by the 
contents of the alimentary canal. Owing to its long fringed 
legs, the nymph can run and swim rapidly among the stones 
of the stream-bed. Wings appear gradually. Just before 
the last moult, the nymph crawls out of the water, the old 
skin splits, and the imago escapes. The life-cycle as a rule 
occupies one year, but in some of the larger species probably 
two or three years. The imagines may appear at any time, 
from quite early in the year, in some species, until summer. 
The winter is passed as a nymph in the water. Stoneflies 
generally inhabit streams ; a few may be found in ponds if the 
water is constantly being renewed. 

The majority of stoneflies do not feed in their imaginal state, 
but some species of Tceniopteryx have well-developed mouth- 
parts and feed on the young buds and foliage of river or brook- 
side trees. In 1918, E. J. Newcomer recorded Tceniopteryx 
2^acifica as a pest attacking the buds and blossoms of peaches, 
apricots, and plums in the Wenatchee Valley, U.S.A. The 
fruit crop of those trees near the stream was seriously affected. 

In Coll, Zool. Selys, Ease. IV, Klapalek has monographed 
the Plecoptera (Perlodides). A classification of the order is 
given by Tillyard in Canad. EntomoL 1921. 

As British we have twenty-nine species, listed by Morton in 
Ent. Mo, Mag. 1907. A valuable work for British entomologists 
is that in Die Susswasserfauna Deutschlands, Heft 8, by F. 
Klapalek (1909). 

Tillyard, 1921, recognizes the following families : Eustheniidee, 
Pieronarcidee, Perlidce, Austroperlidce^ Leptoperlidce, Nemour- 
idcB, and Capiiidce, 
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(Ephemerida, Plectopteray Agmtha), Mayflies. 

Fragile insects without mouth-parts. Antennae small. 
Wings membranous with many longitudinal and cross-veins, 
hind -wings small, often reduced or absent. There are two, 
or more usually three, caudal filaments. 

Mayflies are to be found in all parts of the world, mainly 
in temperate regions, but are confined to the neighbourhood 
of water, not being found in arid districts. They are quite 
unmistakable insects and of very uniform appearance (Plate 
I, Fig. 4), occurring generally in abundance where found, near 
streams or other water. The net-veined delicate wings, of 
which the fore pair is always the larger, arc opposed when at 
rest, after the manner of butterflies. The tail filaments are 
also very characteristic. Colours are dingy grey, brown, 
green, or yellow, never brilliant. 

The head is of medium size with large compound eyes and 
three ocelli. In the male the compound eyes are always larger 
and frequently divided completely, so that there are really 
four distinct compound eyes. One pair of these may be still 
further modified and each eye be borne at the end of a pillar. 
Antennae are short, of two or three joints, the terminal one 
being long and bristle- like, the basal joint short and stout. 
Mouth-parts are atrophied. Generally there is no trace of 
mouth-parts, but in some, indications of mouth appendages 
are present. The prothorax is small. Mesothorax very large 
and well developed, contrasting with the much smaller meta- 
thorax, which is little different in size from an abdominal seg- 
ment. The wings are somewhat fanlike and longitudinally 
corrugated, with several intercalary veins and many cross- veins. 
The fore pair are always the larger, the hind- wings being often 
small and sometimes entirely reduced . Legs vary in length and 
are adapted for clinging. Frequently the first pair of the male 
are of exceptional length and are used in pairing. In Campsurus 
only the first pair of legs is normally developed, the second and 
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third pairs being reduced to short stumps. There arc ten 
abdominal segments, generally simple, but sometimes with 
lateral processes as in Oniscigader, The anal cerci arc long and 
filiform, and as a rule the tergum of the eleventh abdominal 
segment forms a median tail filament. This latter is reduced 
in such forms as CloeoHy which therefore have only two caudal 
filaments. In the male there are two pairs of jointed styles 
which serve as claspers. The lower pair of these may be two- 
to four-jointed (five-jointed in Oniscigaster), the upper pair are 
two-jointed. 

In the imaginal state the alimentary canal is filled with air 
which increases the buoyancy of the insect. The reproductive 
organs of both sexes are very simple. The two genital ducts 
are separate for their entire length, with two separate genital 
pores. There are no accessory glands or diverticula in cither 
sex. 

Mayflies dance in swarms usually at dusk or at night ; during 
the dance pairing takes place. The female then lays her eggs, 
in number from 500 to nearly 4,000, according to species. In 
some cases the entire contents of the ovaries are deposited at 
once, the mass distintegrating in the water. In other cases 
eggs are laid singly and may be attached to stones, etc. The 
egg is generally of oval shape, white, pale green, or brown in 
colour, and enveloped in mucus. The chorion may be sculp- 
tured, and frequently anchoring processes are present. On 
hatching, the young larva resembles a Gampodea. No trachea) 
or gills are present in the earliest stages ; later gills, and then 
tracheae, appear. Growth is gradual, there being, according 
to Lubbock, at least twenty- three moults. 

The nymph (Plate I, Fig. 5) is campodeiform, cylindrical or 
flattened, more or less tapering at either end. The head is 
wedge-shaped and pointed in burrowing forms, short and broad 
in free living species. Compound eyes are present, and a pair 
of filiform, many- jointed antennae. The mouth-parts are of 
biting type, consisting of labrum with epipharynx, mandibles, 
maxillae, and labium with hypopharynx. The hypopharynx 
is well developed in Ephemerid nymphs and consists of a 
median fleshy lobe with two lateral appendages. In burrowers, 
each mandible has a tusk developed on the outside, which 
projects forward. Often these tusks are the most conspicuous 
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features of the head, as in Ephemera. Palpi are often reduced. 
Generally the thorax is of normal type, but in Bcetisca and 
Prosopistoma the mesothorax forms a dorsal carapace which 
covers the gills. The wings develop gradually and externally. 
The legs bear a single tarsal claw. The abdomen tapers to 
its extremity. There are seven pairs of lateral tracheal gills, 
one being borne at each of the postero-lateral angles of the 
first seven tergites. They vary in form, being filamentous 
or flattened. They may be exposed, or each protected by a 
scale-like lobe, or, as already mentioned, the thorax may 
cover them as a gill chamber. Eaton states that in some 
larvse the rectum is also to a certain extent respiratory, as in 
Dragonflies. At the posterior extremity of the body are three 
filaments fringed with hairs ; these are, however, shorter than 
those of the imago. The nymphal tail filaments serve for 
oxygenation of blood, in addition to being used to assist in 
locomotion. 

Food consists mainly of vegetable matter, but sometimes 
nymphs are carnivorous, e.g. Chiroionetes. Just before emer- 
gence the nymph rises to the surface and swallows air, which 
is retained by valve-like structures of the alimentary canal. 
Soon, while floating near the surface, the nymphal skin splits 
on the dorsum of the thorax, and in a few seconds the subimago 
has emerged and flown away. In primitive forms the nymph 
climbs a support before disclosing the subimago. This sub- 
imaginal stage may only last a few minutes, or several days. 
As a rule a subimago can be recognized by its dull colour, as 
compared with that of the imago. In two genera, Palingenia 
and Campsurus, the female never sheds its skin again, but 
remains permanently as a subimago. Finally, in normal 
cases, there is one more eedysis, and the perfect fly appears in 
brighter colours and usually with longer tail filaments. The 
adult takes no food and is very short-lived, some lasting only 
a few hours, others a few days. Pairing and egg-laying are 
the sole objects of aerial life. There may be several broods in 
the year, or the life-cycle may be extended over two or three 
years. 

Mayflies are particularly defenceless in all stages of their 
existence and are the prey of insectivorous animals both while 
in the water and out, Economically they are of no importance 
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except inasmuch as they constitute one of the articles of diet 
of freshwater fishes, the latter being very partial to these 
insects in any stage. In Central Africa Ccenis kungo, collected 
in large numbers, is used for human consumption. 

Eaton has monographed the order in Trans. Linn. Soc. Land. 
1883-88. Morgan gives an account of the biology of Mayflies, 
with a very complete bibliography, in Ann. Ent. Soc, Amer. 
VI, 1913. 

We have about forty British species of Mayflies. A concise 
work on the forms which are likely to occur in Britain is that 
of F. Klapalek in Die Susstvasserfauna Deutschhnds, Heft 8, 
1909. 

A full account of the nymphs of European Ephemeroptera, 
as well as Plecoptera, will be found in Larves et Nymphes 
aquatiques des Insectes d' Europe, 1921, by Rousseau. 



ODONATA 


{Paraneuroptera), Dragonflies, Horse- stingers. 

Elongate insects of medium or large size, with two pairs 
of equal or sub -equal net-veined wings. Antennse small 
and inconspicuous. Compound eyes large. 

Dragonflies are found in all parts of the world, and are so 
well known that a description is hardly necessary (Plate I, 
Figs. 1 and 3). The larger forms arc powerful insects on the wing 
and may be seen hunting smaller insects over water or in forest 
glades. Colours are brilliant as a rule and often metallic. 
Their significance is possibly warning, in some cases. 

The head is provided with powerful biting mouth-parts, 
the mandibles being thick and strongly toothed. Antennae 
are considerably reduced and are filiform. There are two 
large compound eyes and three ocelli. The prothorax is 
small and movable, the meso- and meta- thorax being fused as a 
synthorax. The wings are equal or sub-equal, closely net- 
veined, and placed far back on the thorax. The subcosta 
terminates near the middle of the anterior border of wing at a 
thickened cross-vein, forming a joint, the 7iodus, A ptero- 
stigma is generally present near the wing apex. The radius 
is simple or once-branched. The legs are placed well forward 
and are adapted for catching and holding prey, being of little 
use for walking. The abdomen is long, with ten complete 
segments. In the male there is a complex copulatory pouch 
in the anterior part of the abdomen, formed from the sternites 
of segments two and three. At the posterior extremity there 
are claspers, which serve to distinguish the sexes and also 
afford valuable specific characters. The genital pore is on the 
ninth sternite. The female may be provided with an ovi- 
positor ; the genital pore is between sternites eight and nine. 

The early stages of all dragonflies are passed in water. 
Eggs are laid in two ways : (1) In plants ; (2) In water. 
Oviposition in plants occurs in those forms possessing an 
ovipositor, viz. all the Zygoptera and also the Mschninm and 
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Petalurince of the Anisoptera. The female makes an incision 
in the tissues of plants in or near the water. In such cases the 
egg is of elongate form. In those species practising oviposition 
in water, the female dips her abdomen into the water and 
drops eggs freely. The egg is rounded. In some genera, e.g. 
Sympetrum, eggs are laid in gelatinous ropes, attached to sub- 
merged objects, and containing many hundreds of eggs. The 
embryology is peculiar, and includes a revolution of the embryo 
within the egg. After three weeks or less the egg hatches as a 
pronymph. This stage is of only a few seconds’ duration as a 
rule, and then the second-instar nymph emerges from the 
pronymph al skin. In Lestes, eggs are laid in stems of osiers, 
etc., and the pronymph on emerging from the stem jumps ' 
clear and on to the water before the second-instar nymph 
appears. There are from eleven to fifteen instars, growth 
taking place gradually and the wings developing externally. 

The nymph (Plate I, Figs. 2 and 3) is shorter and stouter than 
the imago and aquatic in habits. There are compound eyes, 
but ocelli are absent except in late nymph al life, and then only 
in the Zygopiera are they clearly visible. Antennse are fili- 
form and longer than those of the imago. The mouth-parts 
are of carnivorous biting type as in the imago, but the labium 
is highly modified to form a flat, elongated, jointed organ of 
prehension, the mask. The legs are longer and more easily 
movable than in the imago. The wings develop gradually, 
externally. In the Zygopiera (Plate I, Fig. 3) the nymph has 
three lamellate caudal gills at the extremity of the abdomen, 
and in a few genera of this sub-order there may be lateral 
abdominal gills on segments two to eight. In the nymph of 
Anisoptera, the rectum is barrel- shaped and serves for respira- 
tion. There are six longitudinal sets of gills, projecting in- 
wards. Water is drawn in to bathe these gills and it can be 
expelled rapidly should the animal wish to propel itself sud- 
denly forwards. A gizzard with chitinous teeth is more 
strongly developed in the nymph than in the adult. The mid- 
gut in both nymph and imago has no caeca. There are, in the 
newly hatched nymph, only three Malpighian tubules, but with 
growth these increase in number and are finally very numerous. 

In all stages (except the pronymph) the nymph is predaceous, 
capturing smaller insect larvae, etc., by rapidly shooting out 
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the mask, seizing its prey, and bringing it back to the mouth 
to be devoured by the powerful mandibles. Zygopterous 
nymphs (Plate I, Fig 3) are more delicate and slender than those 
of the Anisoptera ; they generally live among water weeds. Ani- 
sopterous nymphs (Plate I, Fig. 2) are stouter in build, without 
the three caudal gills found in the Zygoptera. Nymphs of these 
usually lurk at the bottom of ponds, or in swamps, concealed 
in mud or debris, although some are cryptically coloured and 
have similar habits to the Zygoptera. When about to assume 
the adult form, the full-grown nymph ascends a reed stem, or 
walks up the bank out of the water, and here, after the 
nymphal skin has split dorsally, the adult insect emerges, and 
attains the perfect form. 

The imagines hunt insects on the wing and are of value in 
checking Tabanids, mos( 3 [uitoes, and other insects living in or 
near swamps. There have been few records of dragonflies 
feeding on mosquitoes, but Tillyard records several definite 
cases observed by him. A slight amount of damage may be 
caused by the nymphs of dragonflies feeding upon young fish. 

There is not more than one brood in the year, as a rule, and 
often two or three years may be passed as a nymph. Hibern- 
ation is generally in the nymphal state, but in some species 
as egg or adult. 

Dragonflies are preyed upon by various insectivorous 
animals and birds, smaller forms are often devoured by their 
larger relatives. Minute hymenopterous parasites destroy 
the eggs. 

There are many works on the Odonata : Martin, Cordulines, 
Coll. Zool. Selys, Fasc. XVII (1906). Martin, Mschnines. Coll. 
Zool. Selys, Fasc. XVIII-XX (1908-9), and Gen. Ins. Fasc. 115 
(1911) and 155 (1914). Ris, Libellulinen, Coll. Zool. Selys, 
Fasc. IX-XVI (1909-13). Tillyard, The Biology of Dragon-flies 
(1917). 

The British species have been described by Lucas, in his 
book on British Dragonflies, 1900. Tillyard, 1917, also gives a 
condensed account of all the British species. 

The number of species recorded in the world is about 2,500, 
of which 42 are British. 

The order Odonata is divided into three sub-orders, Anisop- 
tera, Anisozygoptera, and Zygoptera. 
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The ANISOPTERA (Plate I, Fig. 1) are generally of stout 
build, the wings are held horizontally when at rest, and not 
with upper surfaces opposed. The venation (Fig. 7) comprises 
a triangle. Compound eyes are large, often meeting in the 
mid-dorsal line, never separated by a distance greater than 
their own diameter. An ovipositor may be present, or reduced. 
Nymph stout (Plate I, Fig. 2), with rectal gills and no lamellate 



Fig. 7. — Diagram of Anisopterid Wing. 


caudal gills. Gizzard with four to eight radially symmetrical 
fields. There are two families, JEschnidce and Libellulidw, 
which are subdivided into several sub-families and tribes. 

The ANISOZYGOPTERA was first established by Hand- 
lirschand includes one remarkable existing genus Epiophlebia. 
Until 1921, when Tillyard described the nymph of E. laidlawi 
from the Himalayas, there was only one species, E. superstes 



Fig. 8, — Diagram of Zygopterid Wing. 


of Japan. Epiophlebia possesses some characters of both the 
orders Anisoptera and Zygoptera. Anisopterous characters 
are the shape and build of the body of the imago, the general 
facies of the nymph, the labial mask and anal appendages. 
Wing venation is as in the Zygoptera, The gizzard is also of 
zygopterous pattern. There is only one family, Epiophhbiidce^ 
with two species. 

The ZYGOPTERA (Plate I, Fig. 3) are the slender-bodied 
dragonflies known as “ Demoiselles.” Both fore- and hind- 
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wings (Fig. 8) are equal and closely similar. The “ dis- 
coidal” cell is quadrilateral, not triangular. Wings held back 
over abdomen vertically, with upper surfaces opposed when 
at rest. Compound eyes small, separated by a space greater 
than their dorsal diameter. Ovipositor always present. The 
nymph is slender, with three caudal gills, and the rectum, 
though also respiratory, is devoid of true rectal gills. Gizzard 
with eight to sixteen radially symmetrical fields. There are 
three families, Calopterygidm, Lesiidm^ and Agricnidoi. 

For an account of the nymphs of European species of 
Odonata see also Larves et Nymphes aquatiques des Insecies 
d' Europe by Rousseau, 1921. 



EMBIOPTERA 


Small, elongate, soft-bodied insects, with simple antennae 
and short anal cerci. Wings when present are small and 
equal, with indefinite venation. Mouth-parts mandibulate. 
Prothorax small, meso- and meta-thorax elongate. Abdo- 
men of ten segments. Gregarious insects, living in silken 
tunnels. 

This order consists of the single family, Embiidce, which was 
formerly placed in Neuroptera^ or was 
grouped with the Psocidce and the 
TermitidcB to form the order Corro- 
dentia. 

Embiids comprise a small number 
of species, about seventy having been 
described. They are widely distributed 
in tropical and sub- tropical regions. 

None are indigenous to Britain, but 
one species, Oligotoma michaeli, has 
been recorded from a hot-house in 
London, where it was believed to 
have been imported with orchids from 
India. 

Embiids are elongate, dark or dull 
coloured, and very small. In length 
they seldom exceed J in., but the 
largest known species, Embia rmjor, 
described from the Himalayas by 
Imms in 1913, sometimes attains a Fig. ^.—DonaconetUs 
length of I in. The head is large and Enderl. 

distinct, with compound eyes and (Adapted Lm’Enderiem.) 
long simple antennae of about fifteen 

to thirty joints. The mouth-parts are mandibulate with 
an imperfectly divided labium. The thoracic segments are 
distinct ; the prothorax being much smaller than the two 
remaining segments. Wings are present in the males of most 
known species and in the females of a few. There are two 
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pairs, which are in no way connected. There is no differen- 
tiation between fore- and hind- wings : both are long, narrow, and 
usually smoky-coloured. The venation is weak, and there are 
very few cross- veins. The thoracic segments do not exhibit 
any strengthening or fusion for the purposes of flight. The 
abdomen is long and consists of ten segments : in the female 



Fig. 10 . — Donaconethis ahysmiica, Enderl. ^ . 
(X 4.) 

(Adapted from Enderleln.) 


the genital aperture is 
found on the under- 
surface of the seventh 
segment. The external 
genitalia of the male 
are situated on the 
last abdominal seg- 
ment. They consist of 
a small conical pro- 
tuberance, on which 
the genital duct opens, 
and a pair of styles, 
which are asymmetric- 
ally arranged on each 
side of it. In both 
sexes the last abdo- 
minal segment bears a 
pair of anal cerci. 
These are short and 
composed of two 
joints : like the geni- 
talia, they are asym- 
metrical in the male. 
The legs are short and 
adapted for running, 
with three- jointed tarsi. 


In the fore-legs the 
basal tarsal joint is enlarged and glandular. Silk is pro- 
duced by both adults and nymphs of both sexes, and it 
is believed by some authors to be produced from these 


tarsal glands. Enderlein, however, considers that the silk is 


produced from glands which open on the labium : the fore-legs 
are used in spinning operations, and he believes that the 


secretion derived from the tarsal glands, which is thin and 
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watery, is in the nature of a lubricant, and prevents the silk 
from adhering to the legs. 

The alimentary canal is well developed. The stomach is 
long and slender, without diverticula. In the adult there are 
twenty malpighian tubules. There is a single tracheal system, 
with ten pairs of stigmata, two being situated on the thorax 
and eight on the abdomen. The gonads in the male are very 
large ; each testis consists of five lobes. There are two seminal 
vesicles and two pairs of accessory glands. The ovaries in the 
female consist each of five egg tubes which open into a straight 
duct. 

The Embiids are gregarious, living in damp warm situations 
in nests composed of silken tunnels, which they weave by 
means of their fore-legs. In the tunnels they run rapidly either 
backwards or forwards, in the former case apparently using 
the anal cerci as antennae. The tunnels are placed under bark, 
stones, or in other situations where there is abundant moisture ; 
an Indian species has been found in the sheathing leaves of 
Bamboo, but only those leaves which have been bored by a 
Scolytid beetle are so favoured. The food probably consists 
of vegetable matter. Winged S 2 )ecies fly at dusk, and will 
readily come to light. 

Eggs are laid by the females in the galleries ; they are small, 
white and oval, and hatch to nymphs which are similar to the 
adults except in size, colour, and lack of wings. They are white 
at first, gradually becoming darker, and attain full growth in 
two or three instars. The female watches over the eggs, and 
guards the young nymphs at first. 

Embiids arc of no economic importance. Enderlein recog- 
nizes two families, Oligotomidve, with one genus and Embiidm 
with eight genera. He describes sixty species, but others have 
since been described by Imms (1913), and Navas (1916). 

The more important authors are : Hagen (monograph), 
1885; Grassi, 1893; Enderlein, 1909; Enderlein (monograph), 
1912; Krauss (monograph), 1911. 



ORTHOPTERA 

First pair of wings, or tegmina, thickened, with parallel 
sides. Hind-wings are membranous, folding fanwise under 
tegmina, but both often absent. Mouth-parts biting, anal 
cerci always present, and metamorphosis slight and gradual. 

The Orthoptera form a large and important order of fairly 
uniform character. It is composed of comparatively large 
insects, none being very minute, while some of the largest 
are included. Flight as a whole is not a marked feature, and 
in some the alar organs are useless for flying purposes and may 
be used solely for the production of sound, which is a feature 
of some of the families. The colour is usually cryptic but 
protective, deceptive and warning coloration is abundant. 
Mimicry of plant-structure is especially well developed in the 
Phasmidce^ and several young forms mimic insects of other 
orders. A Sudanese member of the family LocMstidce is 
specially formed to simulate an ant. 

The order is more tropical than temperate, but is, neverthe- 
less, very well distributed. 

The body structure is primitive, all segments being clearly 
visible with little fusion. The prothorax is free and the other 
thoracic segments well defined. There are ten abdominal seg- 
ments, with part of the eleventh, the ninth segment carrying 
the genital aperture, and the tenth the anus as well as the 
segmented cerci. The male may be provided, in addition, 
with a pair of styles. The mouth-parts are hypognathous and 
mandibulate with either blunt or sharp mandibles according 
to the habits. There is a large labrum, the palpi are well 
developed, and a hypopharynx formed into an efficient tongue. 
The maxillae are slightly reduced, and the labium is divided 
medianly. The head is large, capable of considerable move- 
ment in some, and bears the compound eyes, simple antennae 
and generally ocelli. The tegmina are coriaceous and may not 
be used in flight ; when at rest they are folded over one another 
flat along the back. The hind wings vary greatly in colour 
from the tegmina, especially in females, and have nervures 
radiating from the point of attachment with short cross- veins 
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forming a network. In the leaf-simulating species the veins 
of the tegmina are arranged in such a manner as to resemble 
exactly the veins of the actual leaf. The legs are long and 
formed either for running or jumping. The female may be 
provided with an ovipositor and is generally larger than the 
male. Where there are sound productive modifications, the 
male is generally the only one possessed of them, but there 
are exceptions. These sound producing organs, which are 
characteristic of the Acridiidcey Locustidce, Gryllidce^ are 
special modifications of the part of the body on which they 
are situated. In some members of the Locustidce the tegmina 
are used solely for the production of sound, and the pronotum 
may be enlarged so as to protect them without in any way 
arresting their action, giving a peculiar hooded appearance to 
the insect. When the stridulating organ is situated on the body, 
the latter may be specially enlarged so as to facilitate the pro- 
duction of a greater volume of sound. The function of the strid- 
ulating organs is largely that of a secondary sexual character. 

The alimentary system is not complicated, and may be 
provided with a large crop and a gizzard with horn-like ridges. 
Salivary glands and receptacles are usually large, and the 
Malpighian tubules numerous. According to Heymons there 
are originally eleven pairs of ganglia, of which three are thoracic, 
but the eleventh soon becomes merged into the tenth. In a 
few the trachea? are fitted with numerous reservoirs. Repro- 
duction by means of fertilized eggs is general but not universal. 
Eggs may be laid singly or in cases containing one or many. 
Periods of development in the egg vary from three weeks in 
the tropics to eight or nine months in colder regions, but as a 
whole they may be said to be long. The embryo is provided 
with a large quantity of yolk, and breaks the egg-shell on 
hatching by means of an egg tooth on the head. 

The young nymph is similar to the adult, but softer, of a 
different colour and always wingless. There is a uniform 
succession of about five eedyses with an increase of size after 
each one. The wings usually appear at the second, accom- 
panied by some modification in the structure of the thorax. 
The imago, which is active and long-lived, is either herbivorous 
or carnivorous, but a few may partake of both varieties of food. 
Hibernation is almost always in the egg stage. The habits are 
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quite uniform, only one species bores into plants, and only a few 
are truly aquatic. The majority either burrow or lead free lives 
on the surface of the ground. The various natural enemies will 
be more conveniently dealt with under the separate families. 

Of the older authorities on the group, Brunner von 
Wattenwyl, Saussure, and Rcdtenbacker may be consulted 
when necessary. The principal modern publications may be 
looked for under the following names and dates : Tumpel 
(1901), Kirby’s Catalogue (1904), Schwabe (1906), Caudell 
(1907), Ruthven (1911), Caudell (1911). Caudell (1916 and 
1917), Lucas, British OrthojHera (1920). Bolivar is the present 
European authority whose works should be consulted. 

Lucas gives thirty-one species as indigenous to Britain, eight 
naturalized aliens, and a number of casual visitors. On the 
whole this country is not very well provided with members 
of the order. There arc some five hundred species in Europe, 
and the world species probably number ten thousand. 

The economic importance of the group is centred in the 
family Acridiidee which contains all the locusts which have been 
recorded as serious plagues since the dawn of history. Other 
families have some importance, but it is overshadowed by the 
devastating powers of locust swarms. 

The order was divided into two groups, the Cursoria with 
four families, and the Saltatoria with three. The families 
which were classed among the Cursoria are very distinctly 
divided one from another, while in the Saltatoria they are much 
more closely allied ; indeed it is extremely difficult to place 
some species definitely in one family or the other, and this 
group will no doubt be split up into a greater number of families 
when it has been studied more. 

We have adopted the classification, whereby Forficulidw, 
Arixenidee, and Hemimeridm may be a separate order, and 
also the inclusion of Grylloblattidce nullifies the distinction 
of Cursoria and Saltatoria ; nature unfortunately works in 
degrees and not in clean-cut divisions, so we adopt the system 
of seven families, not divided into two groups. It is with 
reluctance that we place Hemimerus with Dermapiera ; it is 
probably linked to Blattidce ; but no mechanical system 
dealing with groups in sequence can adequately express the 
relationships of evolved forms: the student may remember 
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that probably Derma flora are closely linked to Ortho flora. 
The following is the family sequence adopted, and the diag- 
nostic characters of the families : — 

Blatiidm. Running legs. Large coxa>. Head concealed under 
pronotum. No external ovipositor. Cerci jointed. Male 
with styles. 

Mantidoe. Long raptorial fore-legs. Long i^ronotum. No 
external ovipositor. Cerci jointed. Male with styles. 
Phasmuhe. Long clinging legs. Prothorax short. Cerci not 
jointed. No ovipositor, but ventral processes. 

Acridiidai. Jumping hind-legs. Cerci jointed. Two pairs of 
digging processes in female. Tarsi three-jointed. Antenna) 
short. Auditory organ on abdomen. 

Lomistidce. Jumping hind-legs. Cerci not jointed. Ovipositor 
of three pairs of processes, usually laterally compressed. 
Male with styles. Antennsc long. Tarsi four-jointed. 
Auditory organ on fore tibia. 

Grylloblaiiidm, Running legs. Cerci jointed. Ovi})ositor of 
three pairs of processes, asymmetric. Tarsi five-jointed. 
Grytlida). Jumping hind-legs. Cerci not jointed. Ovipositor 
of two pairs of processes, cylindrical. Tarsi three-jointed. 
No styles. Auditory organ on fore-leg. 

It is very unfortunate that the Locusts should not form part 
of the family Locustidoe, and to avoid confusion Kirby uses 
another set of terms in which the Acridiidm are called Locus- 
tidcc, the Locustidee become the Phasgonnridee, and the 
Gryllidce the Achetidee. It has been thought better, however, 
to adhere to the old names. It should be noted that a periodi- 
cal Cicada is called a “ Locust ” in the United States. 


BLATTIDiE. 

Cockroaches, Blackbeetles. Roaches. 

Broad, flat insects, with large pronotum completely 
shielding head, which is bent downwards. Coxae large and 
free, covering ventral surface of thorax and base of abdomen. 

The common cockroach, or so-called blackbeetle, so common 
in houses, is a typical member of the family Blattidae, except 
that the female is practically wingless. 



40 


MANUAL OF ENTOMOLOGY 


Cockroaches are moderately large insects, nearly always 
coloured in browns or blacks, but some tropical ones are vividly 
coloured in blacks, orange-yellows and greenish tints. One 
form has the antennae banded in shades of white and red ; a 
species from Brazil rolls itself up like a woodlouse, and yet 
another unusual form in Madagascar has projections on the 
sides of the thorax. They are very quick on their feet and 



Fig. 11 . — Periplaneta americana (about nat. size). 


not easy to hold when caught. There are many more species 
in tropical than temperate regions, but certain species have 
been distributed all over the world on ships. 

The chitinous covering is generally soft ; the pronotum is 
like a shield covering the head, although in one species this 
does not occur. In some apterous forms the posterior angles 
of the pronotum extend backwards. The stemites of the 
thorax are rudimentary, possibly owing to the protection 
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afforded by the large coxae. In some there is a small portion 
of the integument covered by a much thinner membrane, near 
the base of each coxa, which, it has been suggested, are extra 
sense organs. The thorax is articulated to the abdomen by 
means of six cervical sclerites. The abdomen itself is composed 
of ten segments, but all of them are not readily visible, and the 
segments vary according to age, sex, and species, the posterior 
segments being invaginated. The anal cerci spring from the 
tenth segment. They are flat and segmented and vary in 
size and length, and are absent in a few. They are reduced 
in the wingless forms. Near the anus are two plates, one on 
each side, known as the Podical Plates, which Huxley con- 
sidered might represent the tergitcs of an eleventh segment. 
Odoriferous glands are scattered over the dorsal surface of the 
abdomen, or may be concentrated on two or more segments, 
and give rise to the peculiar odour associated with these insects. 

The mouth-parts are of the normal biting or crushing type, 
the mandibles being short, blunt and heavy. The palpi are 
well developed, and the labium is fused medianly. The head 
is bent down under the prothorax, but can be lifted up to some 
extent, throwing the mouth- parts forward. The under surface 
of the head is composed largely of the huge submentum. There 
is a large clypeus. Small areas of lighter colour are present 
near the antennae, known as the fenestrae. The eyes are large 
and emarginate to allow for the insertion of the antennae. In 
the males of some species, ocelli replace the fenestrae. The 
antennae are very long and flexible, being composed of a large 
number of similar joints up to a hundred in number. 

The tegmina are very variable in form, very large in some, 
absent entirely in others. The wings are also variable, being 
sometimes absent, in others very large, as is the case in a 
Pacific genus in which they are larger than the tegmina. They 
are often very different in the sexes of the same species. The 
legs are long and fairly large with enormous coxae and distinct 
trochanters. Many large spines adorn the tibiae and femora, 
and the tarsi are five-jointed, the fifth joint being long, with 
two claws and often an arolium. In some cases the basal 
four tarsal joints are padded on the lower surface. There are 
two thoracic spiracles which are fairly large, and eight smaller 
ones situated on the abdomen. The sternite of the seventh 
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segment in the female has the posterior portion boat-shaped, 
to assist in discharging the egg-case, and it is larger than the 
others. This plate is known as the Lamina subgenitalis, and 
corresponds with the sternite of the ninth segment in the 
male. The Lamina supra-analis, or the tenth tergite, also 
differs somewhat in the two sexes. In addition to the cerci 
the male is provided with a pair of styles. Nymphs of both 
sexes, however, possess these styles, but they are lost by the 
female during one of theecdyses. In some males the styles are 
not present, or one only may be missing, in which case it is 
represented by a notch. Males are smaller than females, and 
if there is a difference in the alar organs of the two sexes, it is 
the male which has them in the most complete form. The 
difference between the sexes is, on occasion, so great that they 
would appear at first sight to belong to two different species. 

The internal organs have been the 
subject of much study, and are 
familiar to all students of zoology. 
There is a large crop and a small 
gizzard with tough walls, eight hepa- 
tic caeca and numerous fine Malpighian 
tubules. The salivary glands are large 
and furnished with receptacles. The 
tracheal system is well developed, 
and there are three thoracic and six abdominal ganglia. 
The ovaries consist of eight egg tubes, each opening to a 
common oviduct, the latter joining with the corresponding one 
on the other side in a common uterus, which is surrounded 
by a diffuse colleterial gland. An organ which may be a 
spermatheca opens into the cloaca. The testes consist of thirty 
to forty vesicles situated on a tube which forms the vas deferens. 
A large mushroom-shaped gland opens into the vesiculae 
seminales. The testes are not active in the adult, their 
functional activity being lost after the last eedysis, and the 
spermatazoa are stored in the vesiculae seminales until required. 
The conglobate gland of Miall and Denny opens on the exterior 
portion of the gonapophyses. Copulation takes place, but 
how the eggs are actually fertilized is not clear. The egg- 
case is formed in the uterus and completed long before it is 
deposited. In some it is retained within the female’s body and 



Fig. 12.— Cockroach Egg- 
caso. ( X 4. ) 
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the young roaches are born alive. It can often be seen half 
out of the mother’s body, and in this condition is sometimes 
carried around for some time. 

Owing to the retiring nature of these insects little is known 
about their life-history. It is certain, however, that they are 
very long-lived for insects, and most probably take five years 
to reach maturity, having cast their skins about seven times 
in the process. Periphneta americana is said to take four 
years to reach maturity, but on the other hand Phyllodromia 
is said to become adult in a few months. The case in which 
the eggs are laid varies in size and shape according to species, 
but is generally something like a miniature gladstone bag 
without handles. It contains about sixteen eggs which are 
cigar-shaped and arranged in a double row, the embryos being 
orientated so that they face one another. The case, when 
filled with eggs, is carried about by the female for some time 
before it is actually deposited. As already stated, some are 
viviparous, and in some cases the oothecum is wanting. The 
eggs do not hatch for some time, sometimes considerable periods 
elapsing before the nymphs emerge. When the eggs hatch 
the egg-case splits along the line of junction of the two ridges, 
owing to the expansion of the eggs in hatching, and possibly 
also on account of some softening fluid secreted by the embryos. 
The nymph is generally similar, but at times very different in 
appearance to the imago. It has fewer segments to the 
antennae and cerci, and is paler in colour than the adult, and 
at first it is almost white, with black eyes. There are at least 
five, more probably seven moults, the wings completing their 
development at the last eedysis, in which the terminal seg- 
ment of the abdomen also becomes somewhat modified. 

Both the nymph and imago are very quick moving, appearing 
to glide rather than run over the ground. Both are nocturnal 
and show great distaste for light. Most of the family are 
free living species in the open, a few have become domesticated, 
and a few are aquatic in the Eastern tropics. The males of 
the genus Heterogamia are remarkable, inasmuch that they 
have been recorded as coming to light. The household species 
are gregarious. All assiduously comb themselves with the 
spines on their legs and pass their antennse through their 
mouth-parts to clean them. The food of cockroaches is not 
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restricted to any one article and may consist of any animal or 
vegetable matter, their own cast skins and egg-cases, or the 
dead bodies of their own species. All sorts of curious things 
such as blacking and emery paper have been recorded as having 
been eaten by them, but according to one authority cucum- 
bers disagreed with them horribly.” None has been recorded 
as feeding on living plants. Human food is of course often 
spoilt by the foetid smell which they leave behind them. 

It is noticeable that only one species is found in one locality, 
two or more never seeming to fraternize. Cockroaches have 
also been known to migrate in a body from one house to another 
without any apparent reason. Hibernation if necessary may 
take place at any stage, but there usually is none. These 
insects are very sensitive indeed to cold, and extremes of 
climate will stop breeding at once. The outdoor species may 
be found among fallen leaves, under stones, in thick grass and 
other such concealed localities, whereas the domesticated 
species are found in cracks and under floors, preferably in such 
warm places as kitchens and bakehouses. They are preyed 
upon by birds, rats, spiders, and other such animals. Fossorial 
wasps enter houses in search of them and an Evaniid oviposits 
in the egg masses. Centipedes probably feed on them, and 
Nematodes form internal parasites. In the alimentary canal 
there is normally present a large fauna of micro-organisms such 
as protozoa, bacteria, and gregarines, and these seem to have 
no effect on the health of the insect. 

The principal monographs are: Kirby’s Catalogue (1904); 
Shelford, Genera Insectorum Iv (1907), Ixxiii (1908), Ixxiv 
(1908), ci (1910), cix (1910) ; Miall and Denny (1886) ; Lucas 
(1920). 

There are only three indigenous British species (Ectobius), 
which are free livers out of doors. The household species com- 
prise five naturalized aliens of various and sometimes doubtful 
antecedents. There are over a thousand world- species known. 

At present cockroaches are merely household pests, eating 
human food and spoiling much more by giving it an odour. 
The possibility of their carrying disease must, however, always 
be kept in mind, indeed it seems almost certain that they will 
be found to do so sooner or later. It has been recently stated 
that they carry cancer in rats and mice. Strict cleanliness is 
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a preventative to a certain extent. On the first appearance 
of cockroaches in a house, finely pulverized sodium fluoride, 
or, if that is not obtainable, borax, should be dusted all over 
the places they frequent. It is best to use a dust gun so that 
the poison can be blown into all cracks and crevices. Control 
should be kept up for several weeks as the eggs do not hatch 
for some time. 

The family is divided for purposes of classification into 
twelve sub-families. The most noted members are ; 

Blatia orientalis in which the male wings are short and 
entirely absent in the female. This is the commonest English 
household species. 

Phyllodromia suppelleciilium is winged in both sexes, and 
is the household species of the tropics. 

Blatella germanica is common in houses in the Eastern 
United States of America, while 

Periplaneta australasice is common in the Southern States, 
and is the species most usually found in ships. 

Periplaneia americana is the largest of the series, and often 
flies by day. It is well distributed over the world in docks, 
warehouses, and such places, while there is a very flourishing 
colony in the reptile house at the Zoological Gardens, 
London. It was this species whose photograph appeared in a 
famous daily paper, together with a short note saying that if 
several of these “ beetles (sic) were placed under a blind 
man’s nose he would say he was sniffing roses ! 


Mantid^e. 

Praying mantises. Soothsayers. 

Orthoptera with long prothorax and raptorial front legs. 

The popular name for these insects has arisen from their 
characteristic attitude of supplication and the remarkable 
form of their front legs. The above characters are constant 
throughout the family, but the variety found in outline and 
general shape is very great. The colour is cryptic as a rule, 
but deceptive colouring is often present on the hind- wings, and 
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Harpax oceUata is said to be able to change its colour in accord- 
ance with its surroundings. Mimicry of plant structures is 
very well developed. Amorphoscelis mimics the bark of trees, 
many simulate foliage, some are stick-like and sway to and 
fro as if moved by the breeze, some live in grass and mimic 
grass stems, while Eremiaphila, and others which live where 
there is no vegetation, are very like the sand on which they 
walk. The young forms mimic other insects, such as ants, by 
means of a black outline on a green ground, and some look 
extremely like flowers, presumably to attract insects to them. 
None inhabits the cooler regions of the globe, the most northerly 
district where any species has been recorded being Havre, 



France. They are fairly numerous all over the tropics and 
sub-tropics. 

The prothorax is typically elongate, but may be shortened 
in some species. It may also be extended at the sides, giving a 
grotesque appearance. The abdomen is moderately long, 
formed of ten segments when viewed dorsally, and is provided 
with a pair of two- jointed cerci springing from beneath the 
sides of the tenth tergite. Like the thorax, the abdomen may 
be expanded or it may be leaf -like. The mouth-parts are of 
the usual carnivorous biting type and are hypognathous. The 
labium is completely fused. The head is free, rather elongate 
and very mobile, being attached to the prothorax by a slender 
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neck which is concealed by the pronotum. In some it is bent 
down so much that the mouth-parts are almost pointing back- 
wards. The eyes are very large and prominent, and there are 
three ocelli forming a triangle, with the apex pointing down- 
wards. Some extraordinary shapes occur in some species, 
the eyes being horn-like and the ocelli being carried on pro- 
jections. 

The antennse are filiform, but are pectinate in some males. 
They vary greatly, may be short or long, and may differ 
according to sex. The wings are generally present, apterous 
species being rare. The tegmina are narrow and often resemble 
leaves. They are sometimes marked, more so in females than 
males, and when at rest one overlaps the other. The hind- wings 
are very much larger than the tegmina and are much more 
delicate. They are frequently brightly tinted or flame-coloured 
and close fanwise. The anterior portion is generally more 
robust. The anterior legs are inserted near the anterior por- 
tion of the prosternum. The coxae are long, the trochanters 
triangular. The femora are elongate and furnished with sharp 
spikes and teeth on the lower surfaces. The tibiae are shorter, 
and are artieulated with the femora so that they can be snapped 
to like a clasp-knife. The lower surface of the tibiae is provided 
with teeth, which fit into those on the femora when the two 
segments are closed together. The middle-legs are inserted 
on the posterior portion of the mesosternum. The coxae of all 
the legs are large and free, the tarsi are five-jointed, and no 
pulvillus is present. The middle- and hind-legs are of the 
ordinary walking type, specially suited to the poising attitude 
required by their habits, but in some the hind-femora are 
thickened, and the insect is capable of leaping to a limited 
extent. Femoral brushes for cleaning the eyes or antennae 
have been described. Viewed ventrally there are eight 
abdominal segments in the male and six in the female. In 
one genus the male has the tegmina and wings normal, while 
the female has them undeveloped. 

The salivary glands are large and are provided with recep- 
tacles. There are eight hepatic caeca, and about a hundred 
Malpighian tubules. Schindler has stated that the latter are 
inserted on the mesenteron itself. The ovaries are formed of 
forty egg-tubes, which are joined together in clusters of six 
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with a common opening. The clusters are placed at intervals 
along two tubes which join to form the oviduct. There are a 
large number of sebific glands of two distinct kinds. The testes 
are complex. Eggs are deposited in a large oothecum which is 
peculiar to Mantids. The female places the tip of her abdomen 
against a twig or grass stem and exudes some foamy matter 
which is the secretion of the sebific glands frothed by the action 
of the gonapophyses as it comes out. This soon hardens and 
forms the base of the oothecum. The eggs are then laid in 
groups, a proportionate amount of frothy matter being exuded 
at the same time, until the whole oothecum is built up, group 
by group. It is shaped by the end of the abdomen, and possibly 
in some cases by the help of the tips of the tegmina. In each 
egg-chamber the eggs are arranged symmetrically, and the 
chamber communicates with the exterior by a passage, which 
forms the means of egress of the newly hatched nymphs. A 
delicate membrane closes the exit passages until pushed aside 
by the emerging young. 

The nymphs hatch in groups, and on reaching the exterior 
of the oothecum drop down and remain suspended in the air 
by means of two silken threads, which are produced by two 
papillae on the ventral surface of the tenth sternite. They 
remain thus suspended until after the first ecdysis, after which 
they live a free life. The first skin is a true larval skin, and 
does not entirely envelop the young Mantid like a cocoon, the 
legs and antennae being free. On the abdomen are situated a 
series of spines pointing backwards, which enabled the young 
nymphs to emerge from the egg. On emergence the young 
nymphs have the appearance of small pupae, but after the first 
moult they resemble the adult. Tha number of antennal 
joints increases with age, and the ocelli appear with the wing 
rudiments. There are seven moults. 

The adult Mantid has an extremely innocent and even 
intelligent air, which is far different to its ferocious habits. It 
holds itself in a semi-erect position with the fore-legs in an 
attitude of prayer, and when it moves does so by means of its 
middle- and hind-legs, the fore-legs having little power of sup- 
porting it. The Mantid has a habit of staring, and is one of 
the very few insects which can be more or less tamed. It is the 
only insect which appears to see man as an individual. Some 
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come to light. Both adults and nymphs are very rapacious 
feeders, and are entirely carnivorous, feeding on all kinds of 
insects. None is recorded as feeding on vegetable food, and 
the order may be included with those insects known as general 
predators. It is stated that some of the larger species will 
attack and devour small vertebrates. The female generally 
devours the male after copulation, and the nymphs often eat 



Fig. 14 . — Oongylus goiigyloides. 


one another. In the Zoo, two Mantids cannot be kept together. 
Poiret records a male which was decapitated by the female 
when he approached, but which nevertheless succeeded in 
copulating. Next day, however, the female devoured the 
decapitated body of her spouse. The Mantid will either sit 
perfectly still and wait for an insect to come within reach, or 
will carefully stalk its prey. When within reach it is caught 
by the fore-legs and carried to the captor’s mouth. The head 
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of the victim is usually taken off first, and its body then gradu- 
ally torn in pieces. Portions only are eaten, the rest being 
thrown away. Some species which live in deserts are said to 
be located in regions where no other insect life exists. If this 
is so, what do they feed on ? 

Hibernation, when it takes place, is in the egg stage. Thus 
Mantis religiosa in the South of France lays eggs in September 
which do not hatch until the following June. In the tropics, 
however, hibernation may not take place, and the eggs hatch in 
as short a time as twenty-four days. One brood yearly with 
hibernation as an egg is probably the rule in tropical species. 
Where they abound Mantids can be found on bushes, on the 
bark of trees, in grass, and other places where there is a pro- 
fusion of insect life. A large proportion of the egg-masses are 
parasitized by Chalcids provided with a long ovipositor in 
order to reach the eggs within the oothccum. Checks on 
adults and nymphs include birds, monkeys, and other insec- 
tivorous vertebrates. Much attention has been paid to the 
habits of the Mantids, but comparatively little to the anatomy. 

Among a large number, the following authorities may be 
consulted: Woodmason (1889), Kirby’s Catalogue (1904), 
Giglio Tos, Gen. Ins. Fasc. 144 (19i:i), 175 (1921), Williams and 
Buxton (1916), Giglio Tos (1916, 1917, 1919), Rehn, Gen. Ins. 
Fasc. 119(1911), 

There are some six hundred known species, all inhabiting 
warm climates. Attempts have been made in the United 
States to establish them as general beneficial insects, but it 
has been found impossible to acclimatize them to anything 
approaching a hard winter. Thus none can be kept going 
north of Ontario, and some colonies placed in New England 
have died out. In suitable climates they help in keeping down 
the insect population, but they do not restrict themselves to 
any one type of insect. They form part of that very valuable 
section of insectivorous animals which feed on any insect that 
becomes abundant : like the birds, they eat whatever insect is 
available ; and this is a most useful group in checking the 
periodical wave-increase of insects, which are only pests when 
in great abundance. 
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Phasmid^e. 


Stick and leaf Insects. 

Head protruded, prothorax short, mesothorax long, legs 
similar to one another. 

Phasmids are large and vary greatly in form. The colour 
is generally cryptic, but deceptive colouring is achieved in many 
by brilliantly coloured hind-wings. All mimic some form of 
leaf or stem structure, and some simulate mosses and lichens. 
In the stick insects the whole body is elongated and resembles 
a twig, the insect even swaying from side to side as if moved 
by the wind. The leaf insects are most highly developed in 



Fia. 15. — Stick insect 9 {Carausias nwrosus) (nat. size). 


the genus Phyllium, but it is the tegmina which assume the 
principal role in the mimicry in this family. Mimicry of plant 
structures is brought to the highest perfection known. They 
are restricted to and universal in warm climates, having an 
intolerance for cold. Bacillus gallicus, however, exists as far 
north as Central France, and Carausias morosus has been bred 
in England in captivity for the last ten years. The largest 
number of species is found in Australia, and the family seems 
to have a particular preference for islands. 

The prothorax is always small. The mesothorax may be 
small in a few, but is generally long, in some cases being six 
times the length of the prothorax ; the legs and wings, if present, 
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being cattached to the posterior end. The abdomen is generally 
elongate and formed of ten segments. The cerci are flattened 
and segmented. In some species there are glands on the thorax 
capable of emitting an acrid and foul-smelling fluid. The head 
is free, the mouth-parts of the ordinary mandibulate type, and 
the eyes prominent. Ocelli are variable and are said to be 
present and absent in different individuals of the same sex 
and species. The antennae are long, simple, and formed of 
anything from eight to a hundred segments. The tegmina 
are generally small or absent, even when the hind-wings 
are well developed. The hind- wings in the latter case are 
folded fanwise and lie along the back, looking like tegmina. 
Taking the family as a whole the rule is that the tegmina are 
atrophied. The legs are simple, the fore pair often being 
stretched forward, the femora concealing the head. They are 
often flattened and leaf-like, and the fore-legs are frequently 
longer than the rest. Throughout the family they vary to 
some considerable extent. The coxa and trochanter is sm^ll, 
the tarsi are five- jointed, and there is an arolium between the 
claws. The female is generally the larger and has the eighth 
abdominal segment modified on its ventral surface to form a 
gutter to assist in depositing the eggs. The two segments 
following the eighth are concealed by it. If there is a difference 
in the alar organs it is the male which has them most highly 
developed. Plant mimicry is highest in the females. In Phyl- 
lium the male has not got the leaf-like tegmina which produce 
the great leaf resemblance in the female, and in the latter the 
wings are reduced to minute processes. The males are more 
mobile, and have claspers at the end of the abdomen. 

Little is known of the internal structure. In Phyllium there 
are no salivary glands, and no hepatic caeca. The Malpighian 
tubules are long and very numerous, and there is no distinction 
between the crop and gizzard. There are three thoracic and 
five abdominal ganglia. The tracheae are well developed, 
but have no air vesicles. The ovary is formed of from eighteen 
to twenty egg-tubes. Comparatively few eggs are laid, about 
thirty, but the number may go up to a hundred. They are 
discharged at random and fall to the ground, producing a 
noise like the patter of rain on the leaves of forests where these 
insects abound. Each egg is really a capsule containing an 
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egg. The capsule is beautifully sculptured in many eases and 
is provided with a lid which is pushed off at the time of hatching. 
The general evidence tends to show that the capsule is elabor- 
ated in the egg-tube. Only one is laid at a time. 

When ready for emergence the meso- and meta- thorax of the 
young nymph are not very long, but by the time it has fairly 
emerged they have enlarged to their proper proportions. The 
body expands so much on hatching that it would appear almost 
impossible for the newly hatched nymph to have come from 



Fia. 16 . — PhyUlium scythe. 


the egg beside it. In Phyllium there are three ecdyses, a 
growth similar to that on hatching occurring after each one. 
At the third moult the insect suddenly shoots out to its full 
size. Growth occupies from six weeks to twelve months. Wings 
appear in Phyllium after the second moult. In the apterous 
forms the differences between nymph and adult are very slight. 
The nymph and adult are both very sensitive to cold. The 
latter has the power of reproducing lost limbs, and there is a 
suture between the trochanter and femur which enables a leg 
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to be thrown off easily. It is said that in Phyllium one indi- 
vidual will nibble the edge of the tegmen of another apparently 
in the belief that it is a real leaf. A Brazilian species of the 
genus Prisopus is aquatic, living in mountain streams under 
stones. The under side of this species is densely pubescent. 
Males are exceedingly rare in some, and reproduction in these 
cases is parthenogenetic. 

All are herbivorous and eat large quantities of food. They 
are characteristic chiefly of tropical forest areas, where they 
live in the tops of trees, their eggs falling like rain and sounding 
like a shower (Bates). Hibernation takes place when neces- 
sary as an egg, which is laid in autumn and hatches in the 
following spring. Great numbers of eggs are parasitized by 
Ichneumonids, and birds, monkeys, and Reduviids attack the 
nymphs and adults. 

The chief works on Phasmidce Sive : Kirby’s Catalogue (1904), 
Brunner von Wattenwyl and Redtenbacher (1906, 1908), 
Meissner (1916). 

About six hundred species arc known, of which four or five 
are native to the South of Europe. They are essentially forest 
insects, and when abundant may strip acres of trees. In some 
cases they may prove a source of danger to cultivated tree 
crops, and when accessible trees may be sprayed with a stomach 
poison. Lopophus coccophagus destroys palm trees in Fiji 
and other Pacific islands. 


AcRiDiiDiE {LocMstidm). 

Grasshoppers, Locusts, Shorthorn grasshoppers. 

Medium -sized to large insects with short antennae, never 
extending beyond the prothorax ; jumping hind-legs ; an 
auditory organ situated on the abdomen. 

The Acridiids form the most important group of the Orthop- 
tera and contain the true locusts, which have been known as 
first-class pests from the time when man first started to grow 
crops. It is unfortunate that the true locusts do not form part 
of the family Locustidce, and attempts have been made to 
remedy this confusion of names by altering the nomenclature 
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of the Saltatoria. Thus Kirby styles the Acridiidm the Locus- 
tides, while reserving the name PJiascjonuridm for the true 
Locustidee. Confusion may to some extent be avoided by 
naming the Acridiidm Shorthorn grasshoppers as distinct 
from the Longhorn grasshoppers or Lccustidcs. 

Acridiids are compressed laterally, and have a large head 
with prominent eyes. The wings are pressed to the sides, and 
the femora are large and point upwards and backwards. The 
general shape is uniform throughout the family, but can bo 
adapted for special purposes, such as is the case in Chrotogonns 
which is flattened for living on the surface soil. Colour varies 
greatly in the same species, there being in some two distinct 
colour schemes in one life history, cryptic in the young and 
deceptive in the adult. Although the colouring in the family 
follows generally the cryptic or deceptive schemes, many 
instances are met with in which the colours arc of a brilliant 
warning type, combined with the emission of a frothy secretion 
from prothoracic glands and a peculiar sound-producing 
organ (Auhrehes) ; these forms are probably extremely well 
protected against enemies. Many change colour at definite 
times, such as the Bombay locust — Acridinm succincium, 
which is brown with yellow stripes. On its first migration the 
body and head are suffused with red which persists during the 
swarming period, changing to a deep brown or black with yellow 
streaks at the coupling season, 

A few depart widely from the standard type. Thus Prosco- 
pides resembles a Phasmid more than an Acridiid, and is gener- 
ally apterous. The family is more adapted to warm climates 
than cold, but is more sub-tropical than tropical. Locust 
damage occurs almost entirely in warm climates, but swarms 
have been recorded in England. 

The body is large and flattened from side to side. The 
prothorax is large and arched, and is often elongated to form 
a hood covering the base of the wings, or is furnished with 
projections at the sides. The prosternum often has a process 
projecting between the front legs. The thorax as a whole is 
well developed and clearly segmented. The abdomen is 
composed of ten segments. The mouth-parts are large and 
hypognathous, with a well-developed labrum and mandibles 
with large cutting teeth. The maxillae and labium are also 
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well developed, while the hypopharynx forms a blunt tongue 
lying on the floor of the mouth. The head is sunk in the thorax 
and carries large eyes widely separated. There are three ocelli 
which are universally present, though very small in some. The 
antennae are composed of thirty segments at most, are generally 
curved back over the thorax, and are flattened in some. 

The tegmina and wings function together as one pair of 
organs in flight. The former are long and narrow and of a 
fine parchment-like texture. They usually project beyond 
the abdomen, but are sometimes shorter, and in the Tetrigince 
are reduced to short lobes covered by the prolongation of the 
pronotum. The wings are large and much more delicate in 



Fia. 17 . — Tryxalis turrita. 


texture. They are folded fanwise and covered by the tegmina 
when at rest, are many- veined and often coloured at the base. 
In some species they are short or reduced. The legs are 
placed on the sides of the thorax, not ventrally. The two 
anterior pairs are similar and smaller than the hind-legs, with 
small COX80. The tarsi are three-jointed, with three pads on 
the under surface of the basal joint, which gives the appearance 
of a five-jointed tarsus when viewed from below. The hind- 
legs are distinctive of the Saltatoria and are used for jumping. 
The femur is thickened, more at the base than at the apex. 
The tibia is long with two rows of spines on the posterior edge, 
and is capable of being bent under the femur. There are two 
thoracic and eight abdominal spiracles. 

The female is provided with digging organs, which are formed 
by four valves projecting beyond the supra-anal plate and sub- 
genital lamina. The upper pair arise as outgrowths from the 
ventral portion of the ninth abdominal segment, the lower pair 
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from the eighth. It is the upper and more strongly chitinized 
pair which is used in excavating the hole for egg-laying. The 
anus is placed above the genital aperture. The abdomen 
contracts and extends to a great extent, being retracted during 
copulation and extended during oviposition. The male has 
the siibgenital lamina curved and pointed, forming the apex 
of the abdomen. The two sexes often differ in size and colour. 

The alimentary canal is straight and contains no gizzard, 
the crop being constructed to form a substitute for it. The 
salivary glands are small ; there are three hepatic caeca and 
numerous Malpighian tubules. Three thoracic and five 
abdominal ganglia are present. 

The sense of hearing is particularly well developed in this 
family, no doubt coupled with their facilities for sound pro- 



Fig. 18 . — Acridium melanocorne. 


duction. This is effected by rubbing the inner surface of the 
femur against the surface of the tegmen, a series of beaded 
projections on the femur grating over a raised vein on the 
tegmen. This arrangement is limited to males, but females 
have rudimentary sound organs. The auditory organs are, 
however, found in both sexes, on the base of the abdomen, 
below the tegmina and wings, and exist in the great majority 
of species. Those species in which there is no auditory appara- 
tus are also wingless and without means of producing sound, 
but there are exceptions to this. The exact function of the 
auditory organs is not known. Other organs for the perception 
of sound are probably present, and the organs peculiar to 
Acridiids may be limited for this reception of only one kind 
of vibration. On the other hand those species generally 
supposed to be without means of sound production may make 
some sound which is inaudible to man. In the sound-producing 
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species the song ” is very uniform in character. Some make 
a noise during flight, which apparently comes from the friction 
of the wings. The sound-perceiving organs peculiar to the 
family are situate one on each side of the dorsal aspect of the 
first abdominal segment, above the articulation of the hind-leg. 
Three forms can be distinguished ; a membrane surrounded by 
a rim, a membrane slightly depressed with a portion of the 
segment projecting over it, and a marked depression with the 
segment projecting over it, giving it the appearance of a cavity 
opening to the exterior by a slit. 

The membrane or tympanum is supplied with a nerve 
ganglion, muscles, and a complex tracheal apparatus. 

The tracheae are well developed and provided with numerous 
air sacs which can be dilated preparatory to flight, a condition 
which is well marked in the migratory locusts just before and 
during the long flights. 

The testes are united in a single envelope. The egg-tubes 
are likewise united, their terminal threads eonverging to form 
a composite ovary, and opening into a calyx which is prolonged 
at its extremity to form a long convoluted tube. In locusts 
it is important to watch the development of the ovaries in 
order to forecast the time when egg-laying will take place. 
In the case of the Bombay Locust (Acridium succincium) it 
has been observed that the reproductive organs do not become 
fully developed until directly before coupling. Before that 
they are very small, the tracheae being still dilated and the fat 
body small. Coupling takes place in this case for two days, 
at the end of which the male dies. Five days after the female 
starts to lay eggs. In laying eggs the female excavates 
a hole in the ground by means of the gonapophyses, and 
deposits the egg mass, afterwards leaving little trace of the 
operation. The eggs are deposited with fluid, which hardens 
to form the egg mass, which is one or two inches long, nearly 
cylindrical in shape, and straight or curved according to the 
nature of the ground. In gravelly soil the mass may be twisted. 
About fifty to a hundred and twenty eggs are present in each 
egg mass. Several observers have described the methods 
of egg-laying. Coleman and Kannan have described the 
oviposition of the Rice grasshopper {Hieroglyphus banian)^ 
which lays its eggs in the embankments surrounding paddy 
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fields. The four horny valves are pushed into the soil and 
then opened, pushing the soil outwards. They work in one 
plane only, so that to make the excavation round the body is 
rotated — it is capable of a rotation of 180®. As soon as a proper 
depth has been reached the lower end of the hole is enlarged 
and the walls made smooth, which is done with great care. A 
fluid is then expelled accompanied by convulsive movements 
of the abdomen, and is worked up into a froth by the move- 
ments of the horny valves. When a small amount of froth 
has been formed the posterior pair of valves separate from the 
anterior pair, and the tip of an egg appears in the space between 
them. The posterior valves are then brought forward and 
clasp the egg, which is then forced into the froth at the bottom 
of the excavation. Then more froth is made and another egg 
produced and so on. The eggs are arranged in a certain degree 
of order, but it is not by any means regular. Digging the hole 
occupied this species for thirty minutes, the formation of the 
egg chamber took from fifteen to twenty minutes, and the eggs 
were deposited in another thirty minutes, making a total of an 
hour and twenty minutes. By killing the female while in the 
act of ovipositing, it was found that the left ovary was first 
emptied of eggs, which did not come alternately from each 
ovary as had formerly been supposed. 

The eggs are elliptical, and longer than broad. They are 
arranged in the egg mass so that the head of the embryo is at 
the upper and the micropyle at the lower end. On emerging, 
the nymph ruptures the egg-shell, according to Riley, by means 
of the spines on the apex of the tibia, and then moults a mem- 
brane which he considered to be part of the embryonic mem- 
branes (Caloptenus spretus). In the case of the Rice grasshopper 
the authors quoted above state that the chorion is ruptured 
by the convulsive movements of the young nymph, together 
with a swelling out of the body just behind the head. It is 
then still enclosed in the amnion, and makes its way thus to 
the surface of the soil through one or two inches of earth. As 
soon as the surface is reached the amnion is cast by means of a 
split just behind the head. 

The young hopper has the general form of the adult, but 
with fewer joints to the antennae, and the wings and internal 
genital organs absent. It is not easy to distinguish the species 
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in the early stages, and colour changes occur in the nymph, 
and to some extent after full development is reached. Wings 
appear after the second or third moult, of which there are five 
to seven, the males probably having one less than the females. 
The cervical bladder between the head and prothorax used 
in hatching is again used at each moult, the pressure from it 
bursting the dorsal cuticle. In the Bombay Locust three 
distinct periods of development may be noted. Firstly the 
change to the adult condition signalized by the full develop- 
ment of the wings ; secondly, conspicuous colour changes ; and 
thirdly, the sudden development of the genital organs after the 
last migration. 

The food consists mostly of vegetable matter, lichens, mosses, 
and low forms of plant life being consumed by some, while 
others are limited to a single food-plant. More generally, 
however, there is a range of several food plants, the range being 
greatest in the locusts. Cannibalism is found in certain genera 
such as ScMstocerca when there is a shortage of vegetable food, 
or when a nymph or adult is sickly. Refuse, string, and other 
substances are also eaten by some. Tettix and allied genera 
are aquatic, with expanded hind tarsi for swimming. 

Hibernation takes place in the egg stage, but a few hibernate 
as adults. As a whole there seem to be no regular seasons for 
reproduction, but most are fairly regular, the most important 
factor being climate. Many are only one-brooded, others have 
two, and some have several broods during the year. The 
natural habitat is the plains, cultivated crops and forests. 

In view of the enormous importance of locust swarms the 
natural enemies of Acridiids have been widely studied, and 
many attempts made to propagate diseases and other checks 
among the swarms. The egg masses are eaten by a large 
number of insects, among which Meloidm are important. These 
beetles deposit between four and five hundred eggs, which 
hatch in about ten days. Each larva will thus destroy 
from one to several egg masses. Certain Ichneumonids, a 
Chalcid, Bombiliids, and Anthomyids, act as checks of lesser 
importance, while some Sarcophagids are distinctly useful. 
Tachinids prey on nymphs and adults, and a mite is said to 
be destructive to the hoppers and eggs in North America. 
Enchytraeid and Gordiid worms are found in considerable 
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ttumbers attacking locusts, while birds and mammals do 
considerable execution. Monkeys, marmosets, squirrels, mon- 
gooses, and similar animals, greedily devour grasshoppers, as 
do many birds. Certain fungous diseases attack them, and 
some attempt has been made to use these as an artificial control, 
but although effective work has been done in Colorado, the 
results of similar trials in Texas were negative. 

Of bacterial diseases the locust epizootic caused by Bacilhs 
acridiorum d’Herelle has had some success as a control. The 
disease is spread naturally by the liquid excreta of diseased 
locusts falling on leaves which are eaten by other members of 
the swarm, and also by cannibalism and the infection of the 
eggs during oviposition by a diseased female. Susceptibility 
to the disease varies with the period of the life-history, it being 
greatest in the adult at the time of egg-laying, and least in the 
young nymphs. In the nymphal stage it is greatest about the 
time of the last moult. This period appears to be the best for 
artificial propagation, as the nymphs are then crowded together 
and have large appetites, whereas in the adult stage propagation 
of the disease would not be so easy. The virulence of the 
bacillus decreases greatly in culture, and to bring it up to the 
required strength at least twelve successive passages through 
adults or nymphs must be made. A weak culture renders the 
locusts immune to a certain extent. The culture is injected 
into the body cavity of a locust, and when it is nearly dead the 
liquid excreta is squeezed out and injected into another in- 
dividual and so on. The virulence is great enough when death 
occurs eight hours after injection. This process takes five or 
six days. When the required virulence has been attained the 
specific bacillus is isolated by means of an agar plate and 
cultivated for twenty-four to thirty- six hours, when it may be 
placed directly in broth containing dextrose. This is then 
sprayed on the vegetation. Considerable success has been 
obtained by the use of the bacillus in the Argentine Republic, 
notably in 1912, but elsewhere results have not been so satis- 
factory. At best the method is only a subsidiary one to other 
control measures, but provided the technique necessary to 
induce the epizootic is efficiently carried out it should be a 
valuable aid against locust swarms. The cultures can be 
obtained from the Pasteur Institute. 
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In addition to organized checks, the weather has an import- 
ant action in controlling locusts. Dry weather kills a large 
number of egg masses when they are new, and is also fatal to 
hoppers. The adults do not seem to couple until rain has fallen, 
and a heavy fall will delay the action of the bacterial disease 
for some time. 

Reference may be made to Kirby’s Catalogue and Lucas’ 
British Orthoptera, as well as the following : Morse (1904), 
Lefroy (1905), Coleman and Kannan, Dept. Agri. Mysore, 
Ento. Ser. Bull, i ; Riley, U.S. Dept. Agri. Div. Ento. Bull. 25 ; 
Walton, U.S. Dept. Agri. Farmer's Bull. 747 ; Marshall, 
Microbiology (Churchill); Gen Ins. Burr, Faso. 15 (1903); 
Hancock, Fasc. 48 (1906), and Bolivar, Fasc. 90 (1909). 

There are some two thousand species known, of which only 
eleven are British. 

From an economic point of view the Acridiidse are divisible 
into two distinct classes, those which have recurrent migratory 
habits and those which do not. To the former class belong 
all the locusts proper, which behave as ordinary grasshoppers 
until from various causes they migrate in huge swarms, when 
they become locusts. This habit is confined to certain species 
which are well known. Certain species of migratory locusts, 
however, regularly inhabit countries without forming swarms, 
such as Pachytylus cinerascens^ which is to be found in Belgium, 
and individuals of migratory species arc seen in Scotland. 
Many isolated specimens of locusts found in countries where 
they do not form swarms are probably imported in ships. 
Locust plagues appear suddenly and clear away all vegetation 
in a few hours, resulting in famine and often in pestilences 
owing to the numbers of dead insects left behind. They 
disappear as suddenly as they arrive. Although large quanti- 
ties of eggs may be deposited, the resulting progeny may 
entirely disappear after a few seasons. Swarms arrive in 
certain districts at intervals of a number of years, the rapid 
increase of numbers in their native haunts which leads to the 
swarms moving off in search of food being ascribed to a number 
of causes. Among these may be mentioned a decrease in the 
number of parasites which keep them normally in check, the 
hatching of vast numbers of eggs which have not hatched 
previously owing to unfavourable conditions, and the fact that 
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a large number of superfluous individuals seems to be necessary 
for the migratory instinct to be resuscitated. Years after the 
last migration to a particular spot it is believed that the swarms 
take the same path as their predecessors. It has been 
established that after a migration, when the hoppers proceeding 
from the egg masses reach the adult state, they return to the 
land of their ancestors. In the case of the Voetganger,” of 
South Africa, the migratory instinct is developed before the 
nymphs have wings, and they travel long distances at this 
stage, feeding as they go. The actual direction of the flight 
of a swarm is largely dependent on the direction of the wind, 
and the air sacs being inflated, the locusts travel on the wind 
more than by actual flying. Most of the flights of long distance 
may be done by night, and they often travel great distances 
across the sea. It is thus possible that the Biblical locust, 
Schistocerca peregrina, may have come originally from South 
America. 

Details of the life-histories of locusts vary with the particular 
species. In the case of the Rocky Mountain Locust, Melan- 
oplus spreius, there is a permanent region or native breeding 
ground where it is always found in fair numbers. In a so- 
called sub-permanent region it may propagate for several years, 
but will disappear at times. A third region is temporarily 
visited in which the greatest damage is done, and from which 
the locust disappears in a year. Swarms fly on an average 
twenty miles a day, but with a good wind will do up to three 
hundred. Egg-laying takes place in the infested areas at the 
rate of about three egg masses in six to eight weeks. The 
hoppers on hatching remain where they are until after the 
second or third moult, when they move along in masses, eating 
up all the vegetation in their path. When adult they swarm 
again and go back to the permanent region. 

The Bombay Locust migrates mainly at night, and is present 
in large numbers in the breeding locality, the young hoppers 
generally being hardly noticed until the wings appear. There 
are six periods in the history of the swarm, the first one being 
the emergence of large numbers on the breeding ground in 
September. In late October migration starts, and swarms 
begin to move in definite directions, to settle during the winter 
months in forests. A second migration then takes place in 
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March until the end of May, when they begin to scatter and 
lose the migratory instinct. After the rains in early June 
have begun egg-laying takes place, and the hoppers hatch out 
in five or six weeks and take six weeks to reach the adult stage. 
In the control of locust plagues the first and most important 
aim is to have accurate and early information as to the size 
and locality of swarms and of the direction they are taking. 
This is provided for by the locust laws drafted by countries 
where plagues are regular, which insist on compulsory notifi- 
cation of swarm movements. The second most important 
point is to have some sort of co-operation between cultivators, 
so that control measures can be instituted over large areas 
simultaneously. This is also to some extent provided for in 
the locust laws, but must be supplemented by education and 
publicity. 

By having accurate information of the origin of a swarm 
leading to the discovery of the permanent breeding ground, if 
there is one, much can be done in the way of permanently 
arresting the plagues. Action on the breeding ground has 
largely put an end to the Rocky Mountain locust as a plague, 
and the extension of agriculture to the foothills of the Rockies 
and to former deserts has eliminated many old breeding grounds. 
Having obtained information of the swarms and their line of 
flight, control resolves itself largely into those methods which 
appear best and most easily carried out on the spot. Thus it is 
possible in some cases to mark down swarms at night in cool 
weather and spray them with any handy insecticide while 
they are torpid, or, while in the same state, in the early morning 
they may be driven along into previously dug trenches and 
buried. Spraying vegetation in the line of their path has met 
with success, but care must be taken in the use of arsenical 
or other poisonous sprays where cattle abound, and the whole- 
sale distribution of poisonous substances among native popu- 
lations is not always desirable. Various poisoned baits have 
been used with success, consisting of bran, arsenic and molasses, 
and the Griddle mixture in which fresh horse-dung replaces the 
bran is useful in that birds and cattle are less likely to touch 
it. Poisoned baits are a great success in protecting fruit trees. 
Deep ploughing at the right season of the year to expose egg 
masses to the action of the sun is useful, as also is discing. Where 
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circumstances permit a reward may be made for the collection 
of egg masses. The hoppers can be collected in great numbers 
by the use of bags on suitable frames which are skimmed over 
the surface of the ground. The ‘"hopper-dozer” as used in 
the United States is a more elaborate contrivance of the same 
kind, which is horse-drawn, and in which the hoppers jump into 
shallow pans filled with water covered with crude petroleum, 
kerosene, or other suitable liquid. The best form of “ hopper- 
dozer ” is one which is pushed by the horse instead of drawn. 
Control by means of the locust epizootic has already been 
mentioned. 

The disposal of large quantities of locusts needs some atten- 
tion in formulating a locust campaign, and some attempts have 
been made to convert them to some useful purpose. An 
analysis of locust bodies made by the Transvaal Department 
of Agriculture showed the presence of : — 


Per cent. 

Protein . . . . . . .59*60 

Ether extract . . . . . .11*19 

Crude “fibre” 11*26 

Ash 5*12 

Moisture . . . . . . .9*05 


Locusts should thus form a source of food, and indeed Pachy- 
tylus cinerascens is fried in butter and eaten by the inhabitants 
of Palestine, while locusts are freely eaten in India, and form 
an ingredient of curry powder. It is as a source of cattle food, 
however, that they should be considered, but for this they 
would have to be killed by immersion in hot water. Only a 
small percentage of the swarm could be used in this way, and 
the digestibility of the food would first need investigation. It 
has been suggested that locusts would form a useful poultry 
food. As a manure they would no doubt be successful, but no 
details are at hand of the availability of the crude “fibre,” 
and the large proportion of fat might be deleterious. Pre- 
sumably the 59*6 per cent, of “ Protein ” is based on a Kjeldahl 
analysis, which would include chitin. 

Grasshoppers are not of the same importance economically 
as locusts, but locally often cause great damage. Large 
increases in numbers occur owing to cessation of parasite 

F 
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activities and other causes. The methods of bagging and 
poisoned baits used against locust hoppers may be used 
effectively, and cultural methods can be applied according to 
the circumstances. The fungus Sporotrichum globuliferum 
which is used against Chinch Bug is said to be effective on 
some species. 

The important economic genera are Pachyiyhs, Aularches^ 
Hieroglyphus^ Acridium, ScMstocerca, Melanoplus. 

LocusTiDiE (Phasgonuridce, Tettigoniidce). 

Green grasshoppers, Longhorn grasshoppers. 

Antennae longer than head and prothorax; tarsi four- 
jointed ; auditory organ, when present, on fore tibia just 
below knee. Musical organ, when present, on basal portion 
of tegmina. Ovipositor generally long and blade-shaped. 

The Locustidae form a group of little-known insects which 
are clearly not closely related. 

As a body, they are much more fragile than Acridiids in 
structure, and are not given to taking long flights. No species 
is known to exhibit any tendency to migratory habits, and 
there is rarely any sudden increase in numbers, which is such 
a feature of the Acridiids. Nearly all members of the family 
are large, but as a whole they are sedentary and nocturnal. 
They have a habit of licking the front tarsi and repeatedly 
passing the antennae through the maxillae. Many are much 
modified in structure, such as Schizodactylus monstruosus in 
the East Indies, which has long tegmina and wings which are 
curled up at their extremities, is without ocelli, and is said 
to have no auditory apparatus. The predominant colour is 
cryptic in character, the most common shade being green. 
Burrowing and ground or nocturnal forms are coloured in 
sombre shades of brown and grey. Deceptive colouring on 
the hind-wings is common. Mimicry of plants, tree-bark, 
dead leaves, and insects is a feature of this family. 

The tegmina often resemble leaves very closely, and in the 
South American Pterochroza they simulate leaves in varying 
stages of growth and decay, even the spots caused by fungous 
growths not being forgotten. In a specimen described by 
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Brunner von Wattenwyl, the marks made by leaf miners were 
reproduced. A few species bear some resemblance to stick 
insects, and some nymphs mimic ants. The family is a tropical 
one, few species being found in any country where the average 
temperature is low or where cold nights are the rule. 

The mouth-parts are of the ordinary biting type, but in 
many the mandibles and maxillae are elongated owing to the 
carnivorous habits of the species. The prothorax is large, and 
in Eugaster guyoni in Algeria the mesosternum has two pores 
under the anterior coxae from which jets of a caustic fluid can 
be ejected. The ocelli are much more imperfect than in the 
Acridiids, being often rudimentary, or sometimes entirely 



Fia. 19 . — Sanna imperialis (aliglitly over nat. size). 


absent. In some cases only one ocellus is present. The antennae 
are long and slender, composed of more than thirty segments. 

The tegmina are usually large, and the wings even more so, 
but in many species both are absent in the two sexes. The 
legs are very motile, especially the fore-legs of those species 
having the auditory organs present. It would appear that 
the direction of a sound can be determined by these means. 
The abdomen is large and fleshy, the tenth segment being 
divided into two parts, giving the appearance of eleven seg- 
nients. A pair of cerci is attached which persists through 
life. The ovipositor, which is represented at birth by two 
small papillae, is often of great length, sometimes longer than 
the body. It is formed by a pair of gonapophyses from the 
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eighth segment which form the lower portion, and by two pairs 
from the ninth segment, one inside the other. All the valves 
are held together by a system of tongues and grooves which 
allow a sliding motion to take place. Males are provided with 
external clasping organs. 

The alimentary system varies with the life habit, two hepatic 
caeca being ' generally present. The tracheae have no air 
vesicles attached to them. The auditory organ consists of a 
complicated series of otoliths in a cavity of the fore tibia. Air 
gains admittance to the organ by means of an orifice on the 
prothorax over the base of the fore-leg. This communicates 
with the one on the other side, and with the cavities near the 
tympana by means of vessels extending down the legs. These 
air channels are not connected to the main tracheal system. 
The tympanal organs are not present in all species. The 
musical organs are mostly confined to the males of the species, 
but are often present in both sexes. Sound is produced by a 
jerky movement of the tegmina which rubs a series of serrations 
on the inner surface of the left tegmen against a raised vein on 
the inner margin of the right. The motion is a rapid one, and 
the modifications of the tegmina are confined to the basal 
portions, so that when the wings are reduced the singing 
apparatus may still be present. The quality and volume of 
sound produced varies greatly within the family. The Katy- 
dids of the United States are notorious for their sound capacities. 
They belong to more than one genus, but are so called from 
the words “ Katy did ! she did ! she did ! ” being recognizable. 
Among the Katydids sound production on the large scale is 
limited to the males, and is answered by a simple chirp on the 
part of the female. 

The life-history has been worked out in very few species. 
The eggs are generally flattened and ovoid in form, and are 
laid in the earth, on the bark and twigs of trees, or on the 
stems of plants and grasses, either singly or in neat rows. Some 
are inserted in the edges of leaves. Those of Meconema are 
deposited in Cynipid galls, while Xiphidium ensiferum lays eggs 
in the galls of a Cecidomyid on willows. They are generally 
laid in the autumn and hatch late during the following spring, 
or in summer. Oviposition has been observed in the case 
of some Katydids. The tip of the ovipositor is first lubricated 
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by the mouth, an action which is repeated before the deposition 
of each egg. As the ovipositor is forced in between the leaf 
surfaces, on the edge of the leaf, two pairs of blades move 
backwards and forwards alternately, together with a slight 
rotary movement. It is worked in for almost its entire length, 
which forms a pocket for the egg, and is then withdrawn for 
half its length and the egg deposited. Before hatching the 
egg swells, and the nymph undergoes a moult during emergence. 
The young nymphs begin jumping and eating within a few 
minutes of emergence. The cast skin is generally consumed. 
Development takes place in five or six instars lasting about 
ten weeks, and is similar to that of Acridiids, except that the 



Fig. 20 . — Katydid [Microcentnim retincrve S )• 
(After lliley — somewhat simpllflcd.) 


wing pads appear much earlier. In the case of certain Katy- 
dids the egg is light grey, smooth and uniform. Hatching 
may occur in leaves which have fallen to the ground and are 
partially dried. 

The young nymph is pale flesh-coloured on emergence, hut 
soon changes to green. There are six moults, the wing pads 
appear at the second instar and can be distinguished at the 
fourth. The nymphal stage lasts from fifty-eight to eighty- 
eight days. The adults live in the shady parts of the orange 
trees during the day, and mating takes place twenty days after 
the last moult. After the last moult the tegmina and wings 
are generally colourless, but attain their correct shade within 
the hour. The food of Locustids is very varied. They may 
be herbivorous or carnivorous, or both. Possibly they may 



70 


MANUAL OF ENTOMOLOGY 


become carnivorous when other food fails, but many are 
undoubtedly entirely so. The herbivorous species attack a 
variety of plants, notably oranges. Hibernation is almost 
invariably in the egg state, and there is only one generation 
a year. Locustids may be found on trees, shrubs, bushes, 
and tall weeds and grass. Some species live in caves, and have 
very long antennae and legs, wings and auditory organs being 
absent. Some species burrow in the ground. Most are 
nocturnal, living in concealment during the day, but some 
are truly diurnal. Some species have been seen to capture 
butterflies. Chalcid parasites are said to destroy twenty- 
five per cent, of the eggs of Katydids, and Eu'pelmus is said 
to be a very efficient egg parasite. Spiders are of some 



importance as checks on the nymphs, and birds and other 
insectivorous vertebrates are useful on nymphs and adults. 

The following list gives an idea of the literature which may 
be consulted : Kirby’s Catalogue ; Lucas, British Orthoptera ; 
Caudell, Gen. Ins. Fasc. 72 (1908), 138 (1912), 168, 171 
(1916); Karney (1907), and Gen. Ins. Fasc. 131, 135 (1912), 
and 139, 141 (1912); Bolivar (1907); Allard (1914); U.S. 
Dept. Agri., Bull. 256 ; Agri. Expt. Sta. Agri. Coll., Colorado, 
Bull. 101. 

Only ten species are indigenous to the British Isles, and three 
have been introduced. Locustids are rarely serious pests. 
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Most of the vegetable feeders are injurious to a certain extent, 
but they are not in the same class as Acridiids in this respect. 
Some forest trees suffer from Locustid pests, but the principal 
economic species are the Katydids which do considerable damage 
to young green oranges. The Western Cricket in the United 
^tdAjG^{Anabrus'purj[iUTascens) sometimes causes serious damage. 
In California the Sand or Jerusalem cricket (Stenopelmalus 
irregularis), which is wingless and 
amber-coloured, spends most of its 
time underground duriiig the day, 
making excursions at night. It is 
often quite plentiful in the autumn 
and early spring and does some 
damage to potatoes, gnawing through 
the tubers. Most of its injury is con- 
fined to freshly broken land. Schizo- 
dactylus, another burrowing form, does 
much damage by boring its way 
through the roots of plants in India. 

Both Anabrus and ScMzodactylus arc 
normally carnivorous, and damage 



Fig. 22—Schizodactylus monstniosus (about natural size). 


crops in the pursuit of their prey. Ephippiger occurs on 
vines in Europe. The wingless insect known as Tacky dues 
asynamorus is to be found in glass-houses in England, im- 
ported from the tropics. It is apparently carnivorous and 
useful. The most beautiful orthopterous insect in Great 
Britain is the large green Phasgonura viridissima, the others 
are most common in the Isle of Wight and the South Coast. 

Control measures are rarely adopted, the damage done not 
being enough to justify expenditure in preventing it. Arsenical 
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washes have had some success in treating Katydids, whereas 
cultural methods would help to control the burrowing forms. 

GrYLLOBLATTID JE . 

Gerci with eight joints. Tarsi five-jointed. Asymmetric 
ovipositor of six processes. Legs cursorial. 

A family formed by E. M. Walker (Can, Entom. xlvi, 1914, 
p. 93), for an insect found by him in Alberta. Two females 
were discovered : the family differs from other Orthoptera in 
having running legs but a well-developed ovipositor ; its five- 
jointed tarsi and eight- jointed cerci differentiate it from the 



Fi(J. 23. — Gryllobhtta. campodeijormis. (X 6.) 
(Adapted from Walker.) 


Acridiidce, Locustidee, and Gryllidce. Chopard (1920) discusses 
the position of the family in relation to Orthoptera on the basis 
of the structure of the apical abdominal segments. Walker 
(Can. Ent. LI, 1919, p. 131) describes the male and immature 
form. Grylloblatta campodeiformis is the known species, found 
‘‘ running about like centipedes under the stones of a talus 
slope at an altitude of about 6,500 feet.” 


Gryllid^ (Achetidce). 

Crickets. 

Antennae generally long and slender ; tegmina angled ; 
tarsi three-segmented. Auditory organ on fore tibia. Ovi- 
positor usually long, round, and spear-like. 

Grotesque in form and habits, and containing few beautiful 
species, this family is made up of a number of remarkable 
insects whose affinities are little understood. 
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The crickets are medium-sized insects, whose tegmina tend 
to roll up laterally at their extremities. The antennte are 
generally longer than the body and there are many wingless 
species or forms in which the wings are much reduced. In 
habit Gryllids are nocturnal, being rarely seen abroad in day- 
light. Cryptic colouring is the rule, but the tree crickets are 
of a greenish white hue. Oylindvodcs is round and burrows in 
plants in Australia. Special arrangement of legs, to pack 
them closely to sides, enables it to burrow. Many more are 
found in warm temperate and tropical climates than in colder 
regions. 

The prothorax is square, the abdomen is generally round and 
provided with largo pleurae. Very long cord are present, which 



Fig. 24 . — Gryllua domesticus. (X 2.) 


are almost always flexible, hairy, and unsegmented. Anal 
glands giving a foul-smelling secretion are sometimes present. 
The mouth-parts are hypognathous, and of the ordinary 
mandibulate type common to the Orthoptera. In the majority 
of Crickets the mandibles are decidedly carnivorous in character 
and in the larger species are capable of inflicting a painful bite. 
The head is generally large and rounded, while the vertical 
frons is separated from the vertex by a narrow rostrum. 
Compound eyes are present, together with three ocelli. Many 
forms, however, have the ocelli in an imperfect or rudimentary 
state. In many cases the antennae attain quite disproportion- 
ate dimensions. The tegmina are never large or ornamented, 
and contrary to the bulk of the Orthoptera the right tegmen 
overlaps the left. It has been observed, however, that this 
may vary even in the same species. The inner portion lies 
flat on the back, while the outer or anterior portion is folded 
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at right-angles along the sides, forming the angled tegmina 
characteristic of the family. The horizontal portion is modified 
for stridulation. The wings are delicate and of fairly large 
proportions, and are often rolled up at their extremities. In 
many the rolled portions project beyond the body and look 
like an extra pair of cerci, and may in fact act as tactile organs. 
Generally they are longer than the tegmina, but they are often 
absent, and may be fully developed or abortive in the same 
species. 

The portion which projects beyond the tegmina is not 
hardened. The legs generally are normal, but the fore-legs 
are modified for digging in some, while in others the hind-legs 
are reduced. The hind tibia is furnished with strong spines. 
The first tarsal joint is long and terminates in two spines 
between which the small second segment is often concealed. 
There is no pul villus. Some exceptional forms do not conform 
to the rule of these tarsal segments. Owing to the large 
abdominal pleurae the spiracles are prominent. The sub^ 
genital lamina generally carries two short styles. The ovi- 
positor is prominent and usually points upwards, but is not 
exserted in two sub-families. The male often has the tegmina 
applied more closely to the body than the female, and in 
Oecanthus the tegmina are broader. 

The alimentary canal is short and carries a crop and small 
gizzard. Two hepatic cseca are present, and numerous Malpi- 
ghian tubules are found. In Gryllotalpa the latter are arranged 
fan wise. The canal is enlarged posterior to the Malpighian 
tubules in some. Very little is known of the internal structure 
of crickets. The stridulating apparatus is very similar to that 
found in the Locustidee. Both tegmina are provided with a 
series of ridges or projections on the under-surface, marked by 
a depression above. 

The tegmina are vibrated very rapidly, and the “file” is 
thus rubbed over a corresponding ridge on the upper surface 
at great speed. A very piercing note is produced, which in 
some species can be heard a mile away. In Bmchytrypes the 
tegmina are held at an angle of 60°, while stridulation is in 
progress, and remain at that angle during the temporary 
cessation of the “ song.” Normally sound-production organs 
are confined to males. During copulation the male creeps 
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beneath the female and extrudes the spermatophore, which 
acts as the copulatory organ. This organ consists of a muscular- 
walled vesicle with a small white papilla at the free end, and a 
chitinous lamella at the other, in the centre of which is the 
opening of a tube leading to the hollow interior. The lamella 
carries hooks to secure the spermathcca within the vulva. The 
pedicel is attached just below this point. 

Little is known of the life-history. About A 

three hundred eggs are laid. They are 
cylindrical, slightly reniform, and longer 
than broad. They are laid in bunches, I:’ 

and when first laid are soft and whitish, 
changing to darker hues as they mature. 

In burrowing forms they are laid in the 

ground ; Brachytrypes places them half-way j[ 

in the earth at the end of the burrow, each 

in a separate place. Oecanthus places its 

eggs singly in the stems of trees and shrubs, R 

preferring the annual growths. The embryo 

lies with its back against the concave side C 

of the egg-shell. Nymphs are similar to 

adults except for the wings, and the sexes 

can be distinguished at very early stages. 

For a time the burrowing species live in J/ 

the parent burrow. Wings appear about 
the third instar, the whole development 
extending from five to possibly twelve ^ 
eedyses. . 25.— Spenna- 

n ITJ • X j IX tophoro of Gryl- 

Gryllids are omnivorous feeders, but con- lus campestris^ 
fine themselves mostly to animal matter : view. 

. some are definitely herbivorous. They feed 
at night, burrowing forms taking their food 
down into their tunnels. Cannibalism is frequent, and cast 
skins are eaten. Hibernation takes place as an egg in most 
cases, but may occur in the nymphal stage. There is usually 
only one brood a year, but there may be two. Crickets live 
in concealment during the day. The majority are ground- 
dwellers, and they include many burrowing forms. Some, 
such as the tree crickets, inhabit trees and shrubs. Gryllus 
domesticuSj the common house cricket, is abundant in many 
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old houses and buildings where constant warmth is obtainable. 
Several species of Sjphex are predaceous on crickets. Chalcids 
and Proctotrypids are parasitic on the eggs of Oecanthus, and 
an unidentified Dipterous parasite has been recorded in the 
nymphs of the same genus. A species of Mermis has also been 
noticed. Flooding appears to kill numbers of the burrowing 
species, probably acting as a check more by turning them out 
of their burrows so that crows and other birds can catch them 
than by actual drowning. Lizards and other insectivorous 
animals also play their part in keeping members of this family 
in check. 

The following are the principal works dealing with the family 
generally or with individual species : Lespes (1855) ; Kirby’s 
Catalogue (1904-1910); Lucas, British Orthoptera (1920); 
Wsiiker, Camd. Ent, xxxvi, p. 142 (1904); Ghosh, Mem. Dept. 
Agri. India, Vol. vi, No, 3 (1912) ; Parrott and Fulton, N.Y. 
Agri. Expt. Sta., Bull. 388 (1914) ; Parrott, Gloyer, and Fulton, 
Jour. Ecou. Ento., Vol. viii, No. 6 (1915); Fulton, N.Y. Agri. 
Expt. Sta., Tech. Bull. 42 (1915); Gloyer and Fulton, N.Y. 
Agri. Expt. Sta., Tech. Bull. 50 (1916). 

There are only four British species, a mole cricket, two field 
crickets, and a house cricket. 

The Gryllids are not of first-class economic importance, 
although great damage is caused by some. Burrowing forms 
such as Brachylrypes cut off young crops and take the spoil below 
ground, causing considerable damage. The tree crickets 
(Oecanihus) cause considerable damage to fruit trees, bush 
fruits, vines, and crops of a similar nature, because they carry 
various bacterial and fungous diseases. In the case of tree 
crickets control lies in the direction of clean cultivation and the 
removal of fungous growths which might be spread. Twigs 
in which eggs have been deposited may be cut off, and spraying 
with arsenical washes has met with success. Winter washes 
have no effect on the eggs. Members of this sub-family are 
beneficial to some extent, eating considerable numbers of 
coccids and other small pests. Cultivation must form the 
chief means of preventing damage by burrowing crickets, but 
poisoned baits should be successful, especially if put down after 
the land has been well cleaned, so that little alternative food is 
available. 
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The family is divided into seven sub-families, which vary 
so much in character that some details may be given of each 
one. In many instances it is wellnigh impossible to grade 
certain species of Gryllids and Locustids into separate families. 

Tridactylince. These resemble mole crickets, but are very 
small. They are generally found in alluvial silt areas, near big 
rivers, jump well and burrow quickly. The fore-legs, as in the 



Fig. 2G . — Trklactyhis (x 8.) 


next sub-family, are specially modified for digging. The ovi- 
positor is not exserted, and the alar organs are imperfect. The 
hind tibia terminates in two processes, but the tarsi are abortive. 
Near the extremity of the tibia are some plates which can be 
extended or retracted at will. The antenna? are composed of 
only ten segments, and there are no auditory organs on the legs. 
In both sexes there are four hairy appendages on the anal 
segment, two cerci above and two articulated extensions of 
the segment below. It is difficult to distinguish the sexes. 



Fig. 27 . — Gryllotaljya africana. (x 2.) 


Gryllotalpince. The mole crickets are an interesting group 
of wide distribution, of a larger and stouter build than the last 
sub-family. The fore-legs are modified for digging, the tibia 
and tarsus being arranged to serve as shears for cutting through 
roots. The first and second joints of the tarsus are furnished 
with strongly chitinized processes which pass over the edges of 
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the teeth on the tibia when moved. These insects prefer moist 
situations, like water, and are said to swim well. Auditory 
organs are present in the usual place, but are concealed by a 
deep fold. The tegmina are small, but the wings are of ample 
size. A vertical shaft is sunk in the ground and horizontal 
galleries are made in all directions. The oesophagus is elongate 
and carries a pouch on one side. The gizzard is embraced by 
two lobes of the stomach, which is continued back as a thin 
neck, gradually becoming larger. Below the stomach, on the 
neck, a pair of branching organs is situated which is thought 
to be peculiar to the sub-family. 

It is believed that these insects are mainly carnivorous, but 
they can eat vegetable as well as animal matter. Most of the 
daniage done to crops, which is considerable, is by cutting 
through the roots, probably in search of worms and larvae. Two 
to four hundred eggs are laid in the burrow, and it is said that 
the female carefully watches them until they hatch, and even 
supplies the young nymphs with food until after the first moult. 
It is stated that the young nymph’s digestive system is not 
fully developed when it hatches, which it does some three to 
four weeks after the egg is laid. The eyes are reduced, as are 
the hind-legs, which are not much used for leaping. In Porto 
Rico, Scapteriscus vicinus attacks cotton, and may become 
serious elsewhere in the tropics . Mole crickets are garden pests . 

MyrmecopMlince. Small oval-shaped crickets, which are 
found in ants’ nests in Europe, Asia, and America. They are 
apterous, have thick antennao, and a short broad abdomen. 
The eyes are abortive, and the ovipositor is short. 

Oryllince. This is composed of the true crickets, which may 
be surface-living or burrowing in habit. The burrowing forms 
dig with their jaws, biting out the earth and throwing it out 
behind with their legs. When too deep down to do this they 
push the earth out with the head. The domestic cricket may 
be taken as a representative type, and is widely distributed 
in both the New and Old Worlds. It is sometimes found out 
of doors, but does not live a truly wild life, and warmth is 
essential for its well-being. The wings are long and project 
backwards like cerci. The adult male alone produces the 
chirping or other note. 

OecantMnce. The tree-crickets are delicate and slender 
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insects, found in the warm temperate and the tropical regions 
of both hemispheres in some considerable numbers. They 
have transparent tegmina and whitish-green colouring. They 
are to be found on trees and bushes, and make their presence 
known at night by a shrill and persistent note, the rapidity of 
which has been observed to be closely related to the tempera- 
ture. The female starts egg-laying in late summer or autumn 
by tearing off pieces of the epidermis with the mouth-parts. 
The ovipositor is then placed in the small depression made and 
pushed in at right angles to the stem. After drilling for the 
full length of the ovipositor the hole is widened by swaying 
from side to side, and drilling out a cavity. It is then partly 
withdrawn and the egg laid, after which the hole is filled in by 



Fio. 28 . — Oecanthiis nivens 9 . (x 5.) 

(After Parrott and Fonlton — somewhat simplified.) 

drilling into the sides of the hole and pushing the loose material 
down on top of the egg. Loose epidermis is then torn off again 
with the mouth-parts, and the whole finished off with salivary 
secretion. Eggs are laid singly and have a cap on the cephalic 
end which is pushed off when the young nymph emerges. The 
nymphs are active at night and feed largely on small insects. 
The cast skin is eaten after each moult, of which there are four, 
the fifth giving the adult cricket. In addition to the musical 
powers possessed by the male, a gland is situated on the 
metanotum which is exposed when the tegmina are raised 
during stridulation. The female climbs on the male’s back and 
eats the secretion of the gland. Copulation takes place in this 
position, when the spermatophore is introduced. 

During the later stages of the life-history tree-crickets change 
their feeding habits from a carnivorous diet to one consisting 
largely of fungi. They thus become dangerous as carriers of 
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fungous diseases, and were it not for this the good done by 
feeding on injurious insects would probably exceed the damage 
done in ovipositing and feeding on portions of the host plant. 

Trigonidiince. In appearance these insects are like beetles, 
with horny arched tegmina. The hind femora are thick to the 
apex, and the second tarsal joint is cylindrical. 

Eneopterince. Delicate elongate insects, many of which are 
apterous. The hind tibia has five serrations only with no 
spines. Most are clothed in scales. Extremely little is known 
of either of the last two sub-families. 



ISOPTERA 

White Ants. Termites. 

Soft insects with simple antennae, two pairs of equal 
membranous wings lying flat on the abdomen, and shed by 
means of a suture at their base, or entirely wingless. Biting 
mouth-parts. Ten abdominal segments. Anal cerci present. 
Social. 

The Termites have now been promoted to a separate order, 
but were formerly the family Termitidce of the order Corrodentia 
or Pseudoneuroptera. 

It is unfortunate that the name White Ant has stuck to these 
insects, but Termites can be distinguished from ants by having 
the abdomen sessile on the thorax, and by not having the 
abdominal nodes, universal in ants. The usual colour is 
whitish, darkening through various shades of brown to black. 
Four types are commonly seen ; the winged adults with wings 
longer than the body, the ‘‘royalties’’ or “kings” and 
“ queens ” which have the bases of the wings only as horny 
flaps ; and soldiers, and workers, both wingless. The soldiers 
are noticeable on account of their large mandibles. Rarely is 
any type fully chitinized. The various individuals make up a 
more or less large community, and live a social life in a concealed 
nest, or in the huge mounds familiar in many parts of Africa 
and the East. Very few live in warm temperate regions and 
none in the temperate regions, the vast majority being confined 
to the tropics and sub-tropics. 

The head of the soldier termite is well chitinized, and in this 
type the mouth-parts are prognathous, whereas in all other 
forms they are usually hypognathous. The mandibles are 
short with the inner edge armed with teeth, which are generally 
uneven in number on the two. In soldiers the mandibles are 
developed to an enormous size, being often as long as the whole 
of the rest of the body. The maxillae end in two curved points, 
the labium is large, especially in workers, and the ligula is 
channelled, but not divided, with two lobes on the extremity. 
The labrum is of characteristic shape in different genera. The 

81 



8 ^ 


MANUAL OF ENTOMOLOGY 


head is large, especially in soldiers, and is articulated with the 
thorax by two large cervical sclerites on each side. There is a 
broad clypeus having a median line in some, and the guise 
are large and vary according to the genus. Eyes are generally 
absent, but the winged adults possess compound eyes, and 
they are present in a reduced or rudimentary form in the 
harvesting Termites. Some soldiers have compound eyes, 
but they are not pigmented. Two ocelli at most are found, 
while many have a median opening, or fenestra, on the head, 
which is the opening of a frontal gland whose secretion is used 

in defence. The antennse 
are simple, composed of 
nine to thirty-one seg- 
ments : the number of 
segments being less in the 
nymph, the worker, and 
the soldier. The number 
of segments in the nymph 
increases with the general 
growth by the division of 
the third segment. The 
antenna) in many are 
fitted with sensory hairs, 
and are often observed 
Fjg. 29.— Worker of Entermes momceros. mutilated in the 

(MoaiflcdfroniBugnion.) reproductive forms. 

The wings are unlike 
those of any other insect, and are divided into two parts 
by a suture at the base. They are used for a single flight 
only and then shed by breaking them off short at the 
suture, the basal portion remaining attached to the thorax. 
The neuration is simple, but varies in different species. 
Some soldiers have vestiges of wings, although the rule is 
that soldiers and workers are always wingless. The legs 
are formed for running, and have the tibia generally longer 
than the femur. The tarsi are three- or four-jointed, the apical 
joint being the longest and armed with two claws. The coxae 
are large, free and exserted. The body is often wholly clothed 
in hairs. The prothorax is well developed with a pronotum 
which varies in size and shape. The episterna are long and 
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chitinous, but do not quite meet, and are in contiguity with 
the cervical sclerities. The epimera are large, and the pros- 
terum is usually almost entirely membranous and varies accord- 
ing to the species. The mesosternum forms a large depressed 
fold ; the metasternum is terminated posteriorly by a sclerite 
of variable form. The abdomen consists of ten segments, but 
the first is indistinct. The apical plate is divided into 
two, each half bearing a cercus of two to six joints, but 
the form of the plate varies with the 
species and sometimes with the sex. 

In the male, and sometimes in the 
female as well, a pair of very small 
styles can be made out close to the 
centre of the posterior edge of the 
ninth segment. There are two or 
three thoracic and seven or eight 
abdominal spiracles, but in the fertile 
queen there are usually only six of the 
latter. 

The sex differences in termites are 
enormous. After egg-laying starts the 
abdomen of the female enlarges to a 
great extent, even up to twenty or 
thirty times its original size. The 
adult male also increases slightly in 
size after repeated copulation. The 
alimentary canal is coiled. A slender 
oesophagus enlarges abruptly into a 
crop, which, however, may be absent. 

The Malpighian tubules may be fewer in number in the adult 
than in the nymph, but there are generally four to eight. There 
are five hepatic caeca. Posteriorly to the Malpighian tubules 
the proctodeum is enlarged into the so-called ‘"paunch,” 
which is probably connected with the wood-eating habits of 
the insect, and which contains a large number of protozoa. 
Salivary glands and reservoirs are present and are very large 
in some. The fat body is greatly developed in all winged 
forms. Small quantities of a fluid which is capable of corroding 
metal and, it is said, glass, are emitted from special structures 
in the rectum. 



Fio. 30. — Soldier of 
Tvnm s Horni, (X 0.) 
(Motlillotl from Bngnlon.) 
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Although the eyes as a whole are imperfect, the protocerebron 
is very well developed, as are also the sympathetic system and 
the corpora allata, the latter being considered to function as 
ductless glands. There are three thoracic and six abdominal 
ganglia, the abdominal ones in a fertile female often enlarging 
so much as to rival the cephalic ganglia in size. An auditory 
organ has been shown to be present by Muller. Communication 
between two individuals seems to be effected when they are 
alarmed by means of peculiar jerky movements. Each testis is 
formed by eight capsules, opening into the vasa deferentia, 
which converge to form a short ejaculatory duct : with the 
vesiculae seminales situated at the point of convergence. The 
number of egg-tubes in the ovary varies greatly according to 
the species, age, and fertility of the individual. The tubes 
open separately into the oviducts, which unite to form a short 
uterus to which is joined a spermatheca. Near the extremity 
of the uterus is situated a much convoluted tubular colleterial 
gland. The male genital organs increase slightly, and the 
female organs enormously, after the first copulatory act. The 
eggs laid by the queen termite are all fertilized, and are some- 
times laid in enormous numbers. They are white or yellowish 
and slightly reniform, and are carried away and tended by the 
workers. Nymphs of two forms, with disproportionately 
large heads, emerge. The two forms can be distinguished by 
the form of the brain, eyes, and genital organs, and are destined 
to have totally separate lives. One form becomes workers and 
soldiers, the other results in fully sexed reproductive indi- 
viduals. It will be seen that the reproductive processes of 
termites are thus extremely complicated, for the different 
grades of the community are not, as was thought, brought 
about by careful feeding or special conditions, but are sharply 
divided in the egg stage itself. Furthermore, there is no 
difference due to the fertilization or non-fertilization of the 
eggs as in bees, because all the eggs are fertilized. 

The majority of nymphs are without eyes on emergence. 
The metamorphosis is slight and gradual, more in soldiers than 
in workers. The nymphs undergo about four ecdyses, the 
workers and soldiers completing their development in a year, 
while the reproductive forms may take two years to attain 
maturity. A quiescent stage precedes the final moult. 
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There are roughly three castes in a colony, the reproductive 
pair, workers and soldiers. The differences between the 
workers and soldiers are apparently not produced by differences 
in food, but are possibly due to inherited characters. The 
actual functions of these two are not strictly adhered to. The 
reproductive pair consist of a de-alated male and female, known 
as the king and queen. They are responsible for producing all 
the inhabitants and for keeping up the colony. The queen 
increases enormously in size and is long-lived, taking in some 
cases years to reach the maximum size. On account of her 
size the queen is often incapable of leaving the nest. In some 
cases the royal pair are imprisoned in a special cell, but the 
royal cell is not always present. Copulation is frequent, and 
it would appear that the male lives as long as the female. They 
are both tended by the workers, who feed them and carry 
away the eggs. The workers also appear to clean them care- 
fully by licking their bodies, but this has been explained by 
the fact that certain exudates from the queen’s tissues are 
greedily sought after and eaten by them, but no histological 
evidence can be adduced in proof of this. In addition to the 
royal pair several individuals of a type known as comple- 
mentary or neoteinic royalties are kept in the colony. They 
are used to replace one of the royal pair should it die suddenly, 
or for dividing up the colony into more than one complete unit, 
as is often done. The neoteinic royalties are nymphs of both 
sexes, drawn from the penultimate instars, in which the sexual 
organs are specially advanced, so that when required they can 
rapidly be brought to full sexual maturity, everything but the 
sexual organs remaining in the nymphal state. They are 
usually blind and wingless, but are nevertheless adults in 
which one set of organs has been developed rapidly at the 
expense of others, and cannot be considered to be psedogenetic. 
In many instances several neoteinic forms may be present in a 
colony together with a normal royal pair, while in some nests 
the colony is carried on solely by these forms. 

Thompson recognized three forms of reproductive individuals : 
the de-alated adult developed from “ nymphs of the first form,” 
a second form with short wing pads, no functional eyes and 
developed from nymphs of the second form,” and an apterous 
third form with only traces of eyes. A curious feature of the 
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second form is that it breeds true and never produces nymphs 
of the first form giving rise to winged adults. The third form 
also probably breeds true to type. At any one time males of 
the first form may be found with females of the second form. 
The actual number of distinct castes and reproductive forms 

present at the same time 
in one colony has not by 
any means been worked 
out for even a few of the 
species of termites. As 
many as fifteen forms 
have been recognized in a 
single colony owing to 
the presence of different 
castes, young in various 
stages of development, 
neoteinic forms, and so 
on. The whole question 
is further complicated by 
the fact that more than 
one species may be pre- 
sent in a colony. 

The workers form the 
most numerous portion of 
the colony, and occur in 
most genera except the 
Kalotermitidse. They arc 
blind and wingless, and are 
developed from either male 
or female nymphs with 

, , ^ ^ retarded sexual organs. 

Fig. 31. — Imago of Goptotermen m • j i- i. 

Geylonicus. (x 8.) ihcir duties appear to 

(Modified from Bugnion.) COUSist of building and 

repairing the nest, and all 
other forms of work such as food-collecting, tending the nymphs 
and looking after the royalties. In addition they seem to 
be the most efficient fighters, and appear to control the whole 
social system of the colony. They are very similar in the 
different species and undergo very little metamorphism. 

Soldiers occur in all genera except the Anoplotermes, and are 
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really more highly specialized workers. They are formed 
from nymphs of either sex and are blind like the workers, 
although some have eyes in a very rudimentary form. The 
head is abnormally large and fully chitinized, with enormously 
developed mandibles, which areof use in determining the species. 
In fact, unlike the workers, the soldiers are fairly typical of the 
species, and have been largely used in classification. In some, 
the so-called Namti, the mandibles are modified to form a kind 
of beak through which a protective and sebific fluid can be 
exuded at will. In some species two forms of soldiers are 
known, and some have small wing pads. There is a certain 
amount of evidence that soldiers which are unsatisfactory in 
their development are killed off. Their function is presumably 
protective, but this duty is far more efficiently carried out by 
the workers, and their chief usefulness would seem to be in 
assisting the workers and as scavengers in clearing up — 
generally by eating- all refuse, and in killing and eating all 
those individuals which have the misfortune to go sick or 
die. Both workers and soldiers have been seen with well- 
developed reproductive systems which show no sign of degenera- 
tion or arrest in development, and it is recorded that certain 
abnormal soldiers with wing pads are capable of producing 
fertile eggs which hatch to normal caste nymphs. 

At certain times of the year, depending on a proper amount 
of humidity and on a sufficiently high temperature, large 
numbers of nymphs arrive at full maturity. As winged adults 
they remain in the nest for a few days and then emerge from 
the colony in huge swarms and take a flight of short duration. 
They then drop to the ground, having, it is said, already paired 
off to some extent in the air. Soon after alighting, and when 
each one has found its mate, they cast their wings by breaking 
them off at the suture at the base. The female then hunts 
round for a safe spot under rubbish or fallen leaves and digs 
a small hole. This procedure is an attempt to form a new 
colony, and copulation takes place about a week after emer- 
gence. It is said that actual copulation does not take place at 
this time, but that the eggs are fertilized after being laid. It 
appears, however, that on examination of the spermatheca at 
this time, the spermatozoa can always be found. These eggs, 
of which a small batch only is laid, hatch to workers and a few 
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soldiers, which are cared for by the royal pair until they are 
fully developed, which takes about six months. During the 
whole of this time no more eggs are laid by the female, and 
the royal pair forage for themselves, or subsist to a great extent 
on the nourishment stored within their bodies. As they are 
usually so entirely dependent on workers it is remarkable that 
they should be capable of living on their own for so long a 
period, but they may possibly be temporarily adopted by 
other colonies. In this way a new colony is established, at 
least in theory, for very few, if indeed any, ever succeed in 
establishing themselves. The vast majority are destroyed 
during the swarm, every insect-eating animal collecting from 
miles -around. 

In addition to water, six varieties of food are consumed by 
termites, the principal one of which is probably wood. Procto- 
deal food is obtained by one termite from another by stroking 
its posterior end with its antennae, and this food is passed on 
from one to another until it has no nutritive value left and is 
deposited outside the nest. Stomodeal food is regurgitated 
by the workers, and is probably reserved for the royal pair and 
the nymphs. Cast skins and dead bodies, as well as the sick, 
are all eaten by the soldiers. Salivary secretion is occasionally 
used by the same individual which produces it, but is generally 
reserved for feeding the young nymphs. Fungi are largely 
used as food, there being a special chamber in the nest where 
one particular species of fungus is grown on chewed wood by 
the workers, which attend carefully to its cultivation and weed 
the beds regularly. This food is used for the nymphs and 
royalties. There is no hibernation among the termites, 
nymphs of all stages being present in the colony all the year 
round, and the production of eggs going on continuously once 
a colony is formed. They live entirely in nests constructed by 
the workers, and shun all light and dry air, even going to the 
trouble of making covered passageways wherever they go. 
In some cases aerial passages are constructed to places above 
ground-level. Certain types, however, such as the harvesting 
termites, come out into the open, and many cases are recorded 
of long columns being seen on the march, the soldiers climbing 
grass stems on the flanks and acting as scouts. The form of 
the nest varies with the particular species, and is of numerous 
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grades, from underground burrows to the colossal mounds 
of some tropical species which are sometimes twenty feet in 
height. Some construct nests hanging from fence posts, rather 
like wasps’ nests, with aerial galleries extending to the ground. 

including other insects, lizards, rats, and so on, but it is doubt- 
ful if these act as checks. A genus of termites, Eutermes, 
apparently lives as a guest in the nests of other species. A 
special type of fungus is not uncommon on the abdomen of 
soldiers and workers ; nematodes have been observed infesting 
the body cavity, and mites have been observed externally. A 
few protozoan parasites have been recorded, but there seem 
to be large numbers of protozoa present in the paunch ” of 
wood-eating forms, and these probably live in symbiosis. 




Fig. 32. — A Queen Tcnnito (nat. .size). 


assisting in the digestion of wood. The real enemies of the 
termites, apart from the insectivorous animals and birds, 
which destroy practically all the winged forms as they emerge, 
are ants. Their relations with the latter appear to be perfectly 
pacific even when they have galleries crossing each other’s 
preserves, but directly the termites’ nest is broken openbysome 
other agency, the ants swarm in and destroy large numbers. 

An enormous amount of literature has been written on ter- 
mites, both on account of their remarkable life-histories and 
social instincts, and owing to the extent of their injuries. The 
following are the most important recent publications : 
Desneux, Gen. Ins. Ease. 25 (1904), Wasmann( 1904), Escherisch 
(1909), Holmgren (1909, 1911, 1912, 1913), Snyder (1915, 
1916), Imms (1916), Thompson (1917), Banks and Snyder 
(1920). 

Dr. Thompson was engaged on a book on termites when she 
died, and it is hoped that it will be published. 

There are no British species, but the number of world species 
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is probably over nine hundred. Desneux lists nearly three hun- 
dred and fifty known species divided into three sub-families. 

The economic importance of the order is considerable, great 
damage being done to timber, especially the timber of houses. 
Books and leather are soon eaten if left in damp places, and 
even timber in forests may be rendered unfit for market. 
Termites also attack wheat, sunflower, groundnut, and sugar- 
cane, and are apt to be a serious pest on cacao. Fruit trees 
are attacked, galleries being made from the roots up the trunk 
in the case of apricot, cherry, lemon, peach, pear, orange, etc. 
The harvesting species carry away alfalfa, oats, wheat, while 
considerable damage may berdone to seedling plants and green- 
houses. It is stated that these insects never attack healthy 
growing plants, but that there is some disease sapping the 
vitality of wheat, etc., before they attack it, and that they 
start boring into fruit trees at some point where the wood has 
decayed, and work on from there to the healthy portions. In 
this way control may lie in the direction of keeping up the full 
vigour of the plants by good cultural methods. 

It is on timber which has been made into buildings or other- 
wise worked that the termite does most damage. In all 
termite attacks, one of the great difficulties lies in the fact that 
they work unobserved, the damage being complete before it is 
realized that anything is wrong. This damage may be very 
rapid: in Dr. Mitchell's Cairo-to-Cape flight, the wood 
skids and frame of the aeroplane were attacked in one night’s 
halt. Certain woods, such as teak (Tectona grandis), green- 
heart {Necfandra rodiaci) and mahogany, are highly resistant 
to termite attack. When other woods are used where there 
is a likelihood of termite attack they should be kept absolutely 
dry, and where possible they should be sunk in concrete and 
not in the ground. Special attention should be given to venti- 
lation, and wood should be excluded from foundations, brick or 
concrete being used in place of it. It is recorded that termites 
have actually bored through cement and lead, so that where 
they abound wood should in addition be treated with creosote, 
corrosive sublimate, or other such preservatives. They are 
capable of penetrating dry hardwood if they have access to 
moisture elsewhere. 

In protecting orchards and crops, care should be taken not 
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to plant at once on recently cleared land which has abundant 
food supplies present in the form of decaying wood. The 
ground should be kept perfectly clean, and if termites are 
numerous in a farming district it may be advisible to discon- 
tinue the ploughing in of stubbles and the use of farmyard 
manure. Such land is generally plentifully supplied with 
humus and would not lose its fertility for some time if artificial 
manures were used judiciously. All damaged wood or plants 
should be removed and burnt and the nests should be sought 
out. These can be recognized by the accumulations of frass 
and covered ways, where they are not built above ground, and 
by watching for the emergence of the winged adults. Kerosene 
poured into the nests is effective in destroying them, or some 
material soaked in carbon disulphide may be inserted in the 
main burrows. An efficient way of wiping out a nest is by the 
use of a closed cylinder which has the ends removable, or is 
fitted with a door, and which has a grating across the centre 
inside. An air-pump is fitted to the bottom and an outlet 
tube to the top. Red-hot charcoal is placed on the grating, 
and on this is placed a mixture of arsenic trioxide and sulphur. 
Air is then blown through and the arsenic trisulphide which is 
formed is forced through the outlet tube in the form of vapour. 
The tube is introduced into the termites’ nest and quickly 
kills all the inhabitants. The apparatus can be carried about 
easily and is a convenient one to use where it is wished to 
destroy a large number of nests. Where crops are attacked 
which can be irrigated, a very small percentage of kerosene in 
the irrigation water will destroy the termites without affecting 
the plants. 



ZORAPTERA 


Small, generally wingless, terrestrial insects ; agile and 
predaceous. Antennae nine-jointed. Short one-jointed anal 
cerci. 

This small order, comprising only one genus, was founded 
by Silvestri in 1911, from material sent from Ceylon by E. E. 
Green. 

These insects are found only in warm countries, having been 
taken, up to the present, only in Java, West Africa, Ceylon, and 
U.S.A. 

The Zoraptera were always described as an apterous order 
till 1918, when winged specimens of two distinct species were 
discovered. As regards their evolutionary interest, Dr. G. C. 
Crampton says (1920) : — 

“ Taking their anatomy as a whole, I would regard the 
Zoraptera as intermediate between the Isopiera and the 
Plecoptera, with their closest affinities tending slightly toward 
the side of the Isoptera, although the balance of characters is 
so evenly divided between the two groups, that it is very 
difficult to decide whether the Isopiera or the Plecoptera are the 
nearest relatives of the Zoraptera, . . . 

“ On the other hand, the Zoraptera themselves are very like 
the ancestors of the Psocidce, so that they are extremely 
important insects for a study of the evolution of the higher 
forms such as the Hymenoptera, Neuroptera, etc., whose 
ancestors were undoubtedly extremely closely related to those 
of the Psocids.” 

The body is elongate and flattened, bearing numerous 
hairs. The head is of about the same width as the pro- 
thorax, and somewhat narrowed in front ; it is inclined 
downwards from the thorax. Large, moniliform antennae are 
present, nine-jointed, and expanding towards the apex, with 
joints five to nine, sub-conical in shape. The mandibles are 
strong and of the biting type, with well-developed teeth ; the 
maxillae are distinctly separated into inner and outer lobes, 
with five-jointed palps ; and the labium is bilobed and bears 
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three-jointed palps. Compound eyes and ocelli occur in the 
winged forms, but are absent in the apterous forms. Of the 
thoracic segments, the prothoracic is the largest. The legs 
are uniform, of the running type, with two-jointed tarsi 
bearing two claws and a setiform empodium. Thorax and 
abdomen are of about the same length. The abdomen con- 
sists of ten distinct segments which broaden out from the first 
to the eighth ; it possesses a pair of short, single-jointed cerci. 

The alimentary canal is simple and straight for the greater 



Pia. SS—Zorotypu/, hubbardi (x 20 approx.) 

(After Caiidell.) 


douVtl!** fore-gut reaches hack about half-way 

hiTI- “arrows down and then expands into the 

tubules IS rather uncertain, but is probably six. Zoraptera, 
tro f Of present, have been found chiefly under the bark of 

fn.m i • ™ the variety of individuals 

una in one nest are very reminiscent of the Isoptera. In one 

(7 i ® ”®f'y,‘fi8eovered species possessing winged forms 
i following types of individuals are found 

• t/hitmized adults, whose fully expanded wings had been 
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shed at the base, after the manner of termites ; with well- 
developed eyes and ocelli. 

2. Slightly chitinized nymphs with nine-jointed antennse, 
subcutaneous eyes and ocelli, and possessing partially developed 
wing-pads. 

3. Non-chitinized, wingless nymphs, without eyes or ocelli, 
and with eight- jointed antennse ; otherwise similar to the 
adult. 

4. Non-chitinized wingless adults, without eyes or ocelli, 
and with nine-jointed antennse. Closely resemble the nymphs 
of type two. 

Of the winged form, only females have as yet been taken. 

These insects have not yet been bred out from the egg, but 
on several occasions a single egg has been found near a female 
which is in all probability that of Zoroiypus ; it is f mm. 
by I mm., and has a sculptured surface ; its size indicates that 
the eggs are laid singly. 

The sole family included in this order is the ZorotypidcCy 
with one genus, Zoroiypus. Silvestri first described the order 
in 1913, and wrote an account of Z, neoiropicus in 1916. The 
new winged forms were dealt with by Caudell and Crampton 
in 1920. 



PSOCOPTERA 


Book lice. Death watches. 

Small soft insects with two pairs of membranous wings 
having few cross -veins ; fore -wing larger than hind -wing. 
Antennae filiform. Mouth-parts biting. Prothorax small. 
Tarsi two- or three -jointed. 

This order formerly comprised the family Psocidce in the 
order Corrodentia. It is referred to in modern American text- 
books as the order Corrodentia. 

In addition to the usual winged forms, many are known 
which arc wingless, or in which the wings are unsuited to flight. 
The winged forms have a small prothorax which is concealed 
between the head and the large mesothorax, which, again, is 
fused to the metathorax. In the wingless forms, however, 
there is a larger prothorax and a small mesothorax. When 
at rest the winged forms close the wings along the body in a 
sloping position, with the posterior margin uppermost. 

The colour is usually whitish, grey, or brown, but some 
tropical species are very brightly and artistically coloured. 
Members of the order are probably more abundant in temperate 
than in tropical regions, although the attractiveness of the 
tropical species has led to greater numbers being collected, 
thus increasing the number of brown species in these regions 
over the known species in the cooler parts of the world. The 
Hawaii Islands are particularly rich in representatives of the 
order, while the largest species known, which has a wing 
expanse of an inch and belongs to the genus Thyrsophorus, 
has its home in Brazil. Large numbers are preserved in 
amber. The mouth-parts are hypognathous and of the biting 
type, a curious feature being the unusual formation of the 
maxillae. Each maxilla is composed of a fleshy outer lobe, 
with the inner lobe modified to form a remarkable organ, 
which was considered by the earlier writers to be a separate 
appendage, and which was given the name of the “ pick ” or 
“rod.” The ‘"pick” articulates with the outer lobe by 
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sliding in it in the manner of a piston sliding to and fro in its 
cylinder, and is now generally regarded as being the true 
inner lobe of the maxilla. The suggestions as to what use 
this mechanism is put have been many, among which may be 
mentioned the theory that the ticking noise undoubtedly made 
by some species — hence their name ‘'death watches '—is 
achieved by tapping the end of the pick on wood. Very 
possibly the “ pick " may be used in puncturing the sporangia 
of fungi on which the insects feed, but this form of action 
has not been observed, and the true aim of this modification 
of the maxilla is shrouded in mystery. The labium has a 

large mentum and ligula, which 
is divided into two lobes. The 
labial palps are reduced to globu- 
lar lobes placed externally on the 
anterior portion of the labina. 
There is a large hypo-pharynx, 
which is free and has two gland 
ducts opening on it. The labium 
and post-clypeus are large, the 
latter often appearing as if it 
were inflated. On examination 
it is found to have several muscles 
attached to its inner surface, 
which have their insertion on a 
plate placed below the anterior 
portion of the oesophagus. 

The head is large and is provided with compound eyes, which 
are often very convex and developed more in the male than 
in the female. Three ocelli are present in the winged forms. 
The antennae have from eleven to fifty segments. In some 
species the wings are clothed in scales, so arranged and coloured 
as to rival even the Lepidoptera in beauty. Wings are absent 
almost entirely in Clothilki, Hyperetes and Atropos, In some 
of the apterous species rudimentary processes can be found 
on the prothorax, which Hagen considered to be rudimentary 
wings. With only a few exceptions, wings and ocelli are both 
present or absent at the same time, possibly a case of Mendelian 
“linkage.” In Mesopsocus the adult female has diminished 
wings, whereas the adult male has them more fully developed. 



Fio. 34 . — Atropos sp. 
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It is always noticeable that even when wings are present and 
fully developed there is a marked reluctance to use them. 
The tarsi are generally composed of two segments, but three 
may be present in some. A peculiar gland of unknown function 
has been noted at the base of the tarsal claws. Not much is 
known of the internal structure. There is no crop ; there 
are nearly always four Malpighian tubules ; the posterior 
portion of the alimentary canal is very short. The ovaries 
are formed by five egg-tubes which all lead into a common 
oviduct. The accessory glands are somewhat remarkable, 
consisting of a number of small vesicles, each with a separ- 
ate duct, enclosed in a sac, but they have not been fully 
investigated. 

The life-history is hardly known. The egg stage mostly 
persists through the win- 
ter in England ; they are 
laid in many cases under 
silken covers, which are 
probably spun by glands 
in the hypopharynx, and 
then covered by excre- 
ment al matter. They are 
placed on the bark of 
trees or on plants. The 
nymph is similar to the adult, but has no ocelli or wings at 
first, and as it grows the prothorax diminishes in size. There 
are two or more generations a year in warm climates, and 
the adults often live in small colonies under their spun-silk 
covers. Their food is apparently animal and vegetable refuse 
matter, fungi, lichens. In some cases it appears that a 
speciality is made of the Uredinece, but to what extent is not 
known. These insects may be found on tree trunks, especially 
those of the conifers and beech, and sometimes in birds' nests. 
Atropos feeds on pinned insects in collections, and Clothilla 
eats the starch paste used in binding books. It is individuals 
of these two genera which are said to make noises like those 
made by the death-watch beetles. Damp air is in all cases 
essential to their life, dry air, together with strong light, being 
fatal to them. The action of checks in nature is not known 
except that the larva of Croce filipennis feeds on the household 
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species. There are well over 2,000 species in the world, of 
which forty are British. 

The economic importance of the order may be said to be nil. 
The household species can be troublesome at times, especially 
in damp places. As in the case of houses which harbour 
mites, the prejudices of the occupier largely determines 
whether the insect is a pest or not. The chief loser from the 
depredations of these minute insects is likely to be the entomo- 
logist himself, if they get into his collection. One species, 
Psocus taprobanes, has been recorded as damaging tea in 
Assam, but after careful investigation this has been denied. 
Numerous observations and isolated papers have been written 
on the order, but up to the present no comprehensive work has 
been done on them. 

References.— Berhum (1701, 1704), Burgess (1878), Hagen 
(1881, 1883), Kibaga (1900), Enderlein (1903, 1904, 1905, 
1906), Stager (1917), Menzel (1921), Banks— numerous 
papers. 



MALLOPHAGA {Lij)o^tera) 


Biting Lice. Bird Lice. 


Flattened, the head large ; the prothorax distinct, meso- 
thorax small, the metathorax small and usually fused with 
the abdomen. Mouth-parts of biting type, mandibles well 
developed. 

The Mallophaga appear to be widely distributed over the 
world, though the tropical fauna is still little known. 

There is generally no difficulty in 
identifying these insects ; they are 
all small and live parasitically on 
birds and mammals, but unlike the 
Anoplura they do not suck blood, 
but feed on the feathers or hairs of 
their hosts. Malloj^haga are very 
active, especially in the early stages, 
and can run with considerable 
speed. 

The head is abnormally large and 
flattened and often triangular in 
shape : the antennje, which are 
short and composed of from three 
to five joints, are often concealed 
in grooves. The eyes are small or 
absent. The mouth-parts are of the 

biting type, the mandibles being well developed and toothed ; 
the maxillae, which bear an inner lobe, are in some families 
provided with a four- jointed palp. The labrum is large and 
apparently used as a scraping organ. 

The legs, especially the first pair, are rather small ; generally 
speaking, the bird-infesting species are provided wdth two claws 
on the tarsus, whereas the mammal-infesting forms have only 
one claw : there are, however, several exceptions to this rule. 

With regard to the internal anatomy, there is little of note ; 
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the nervous system consists of an infra- and supra* oesophageal 
ganglion, and three thoracic ganglia. 

The alimentary canal is simple : there is a long oesophagus, 
which in some forms is dilated to form a crop ; according to 
Sharp the posterior portion of the oesophagus connects the 
crop and the stomach. There are four Malpighian tubules 
present. 

The reproductive system is very simple : in the male there 
are from four to six testes, and in the female three to five 
egg- tubes ; the two oviducts unite before reaching the exterior. 
The eggs are laid singly or in clusters, and are attached by 
a gummy secretion to the hairs or feathers of the host. Little 
is known of the early stages, owing to the difficulty of observing 
the insects under natural conditions. 

There is no complete metamorphosis, the young lice on 
emerging from the egg being very similar to the adult. Besides 
hair and feathers, Mallophaga also feed on dry flakes of skin, 
and according to Kellogg they will eat dried blood from wounds 
or abrasions of the skin. 

Mallophaga are to be found on almost every kind of bird ; 
mammals, especially the domesticated species, and certain 
marsupials, also harbour these insects, but out of the 1,250 
known species of Mallophaga only about sixty species have 
been found on mammals. Closely allied species of birds are 
often infested with allied species of lice. As a general rule, 
particular species of Mallophaga are confined to particular 
species of host, but notable exceptions occur, especially in 
the case of birds such as waders, where different genera are 
often in contact with each other, so that the parasite can readily 
pass from one bird to another. 

Many species of Mallophaga are common to North America 
and Europe. 

The Mallophaga have been monographed in Genera 
Insectorum, Fasc. 66, by V. H. Kellogg. Among the earlier 
writers should be mentioned Giebel and Nitzsch, Insecia 
Epizoica, and Denny’s Monographia Anoplurorum Briiannice, 
1842. 

Denny lists about 200 species of Mallophaga from Britain, 
but many of them were obtained from birds which are very 
rare, or of accidental occurrence in the British Isles. 
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The economic importance of the order is not very great. 

Bishopp and Wood {Farmer's Bulletin, No. 801, U.S. Dept, 
Agr., 1919) state that more than forty species of Mallophaga 
are found on the domestic fowl. 

Perhaps the commonest species is Mcnopon pallidum, which 
is found throughout Europe and North America. Although 
the lice do not suck blood, they often affect the general health 
of the fowl, with the result that the egg-yield is diminished and 
the bird is more liable to suffer from disease. Young chickens, 
especially, are very apt to die when heavily infested with lice. 

There are several effective control measures : Bishopp and 
Wood recommend sodium fluoride dusted 
among the feathers of the chicken, a 
pinch of the powdered chemical to be 
rubbed among the feathers where the lice 
are most numerous. An alternative 
method is to dip the chicken into a 
solution of sodium fluoride in water, the 
proportion being | to 1 oz. of the salt 
to one gallon of water. Care should be 
taken that the sodium fluoride does not 
get into the food of the chickens, as it is 
poisonous when taken internally. 

Another remedy is to rub on some ^ feather, 

vegetable oil, such as olive, gingelly, or af ter hatching, (x 10.) 

ground-nut. This method has been suc- 
cessfully used in India. The “ dust-baths ” so frequently 
indulged in by gallinaceous and passerine birds probably 
checks the numbers of the parasites to some extent. 

Kellogg, in Genera Inseciorum, recognizes two sub-orders 
and four families ; these families are quite distinct both in 
structure and habits. There are twenty-seven genera and 
about 1,250 species known ; the European and North American 
fauna has been well studied, but many more species will 
doubtless be obtained from tropical birds and mammals. 

Sub-Order I. ISCHNOCERA 

Antennae exposed, filiform, three- to five-jointed. Maxil- 
lary palpi absent ; mandibles vertical. Meso- and meta- 
thorax fused. Testes, four ; egg-tubes, five. 
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Trtchodectid^. 

Antennae three-jointed ; tarsi with one claw. Found 
exclusively on mammals. 

This family contains but one genus — Trichodectes — with 
about forty-five species, of which ten occur in Britain. 

T. latus and T. scalaris are common un the dog and ox 
respectively. 

Philopterid^. 

Antennae five -jointed ; tarsi with two claws. Found on 
birds. 

The principal genera of this large family are Docophorus 
(215 species), Nirmus (228 species), and (181 species). 

D. communis has been recorded from nearly one hundred 
species of birds ; Nesiotmus demersus is an interesting species 
found on the penguin, and Eurymetopus taurus is a parasite 
of the albatross. 

Sub-Order II. AMBL YCERA 

Antennae concealed, often clubbed, four-jointed. Maxillary 
palpi four-jointed ; mandibles horizontal. Suture between 
meso- and meta-thoracic segments usually visible. Testes, 
six. Egg -tubes three to five. 

GYROPIDiE. 

Tarsi with one claw. Found exclusively on mammals. 

There is only one genus — Gyropus — with seven species. 
Denny mentions two species, G. ovalis and G, gracilis, as British, 
both occurring on the guinea-pig. 

Liotheid^. 

Tarsi with two claws. 

The members of this family arc bird-infesting with the 
exception of three small genera, viz. Boopia, with five species, 
found only on wombats, wallabies, and kangaroos ; Heterodoxus, 
one species, found on wallabies; and Laiumcephalum, one 
species, also a parasite of wallabies. 

All the other species in this family are found on birds, the 
principal genera being Menopon, with 211 species, and Colpo- 
cephaluU, with 137 species. 



DERMAPTERA 


Segments of the body imbricate. Biting mouth-parts ; 
body flattened. 

This order has been formed mainly to include the earwigs, 
formerly classed with Orthoptera. 

The addition to it of Hcmimcriche is at least doubtful, but 
is rendered more plausible by the existence of Arixenia, a 
parasitic earwig. 

The literature is referred to below. 

Burr creates sub-orders, super-families, and six families of 
true earwigs (Forficulids), but they are here treated as a single 
family. If we accept these many families in this order, then 
we should have to accept many more in Orthopiera. 


FoRFicuLiDyE (E'ltplexoptera), 


Earwigs. 

Elongate, slightly flattened, elytra truncate. Wings folded 
radially and transversely ; many wingless. Abdomen long 
and terminated by two anal cerci formed as forceps. Free 
living. 

Owing to a closer study of the relationships of insects, the 
earwigs have now been removed from the Ovihoptc-Td, where 
they formed the family Forficulidm, and have been placed 
nearer the Coleoptcra in a separate order. 

The common earwig, Forficula auricularia, is a very well- 
known insect, which is regarded with more general loathing 
than interest. It received the common name of earwig owing 
to the superstition that it enters the human ear and travels 
thence into the brain. It has been stated that the name 
originates from the shape of the wing, which in some measure 
resembles a human ear, but it is scarcely possible that the 
insect should receive its popular name through an organ which 
is very rarely seen. 
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Earwigs are medium-sized insects, with running legs of 
moderate length, generally coloured in the sombre blacks and 
browns of nocturnal insects, although a few are brilliantly 
coloured. The forceps are characteristic of the order, but 
extremely variable. One or two mimic insects of other orders. 
They are common in Europe, but are said to be somewhat 
rare in other parts of the world. They inhabit both temperate 
and tropical regions, the species being more numerous in the 
latter. 

The prothorax is free, usually rather square, and the thoracic 
segments generally are distinct, while 
each sternum on the thorax projects 
backwards so as to overlap the an- 
terior part of the following segment. 
The abdomen is slightly broader than 
the thorax, is elongate and formed of 
the segments, which are fitted together 
by a complex imbrication which allows 
of great strength combined with flexi- 
bility. Each segment is formed of an 
upper and lower plate, which overlap 
one another at the sides, and are in- 
serted far forward in the preceding 
segment. The visible segments are 
two less in the female than in the 
male, but segments eight and nine are 
M X 2-7^ smM and practically absent. At the 
end of the abdomen are situated the 
remarkable forceps or anal cerci. They are often half as 
long as the whole body, but are in a few species extremely 
variable in the same sex and species, both in length and 
shape. They sometimes cross one another and assume the 
most remarkable shapes, being perhaps most variable in 
the male sex, and are always present in the apterous forms. 
That they are the true anal cerci is shown by the fact that a 
Ceylon species, of the genus Dyscritina, has anal cerci formed 
of many segments when in the young nymphal stage, but loses 
all but one segment, which forms the forceps, when it becomes 
adult. Their use is purely conjectural. They have been 
observed to be u^ed as weapons of offence and defence, and 
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it is thought that they may assist in the complicated business 
of folding the wings, but the real purpose remains a mystery. 
Between the forceps is a perpendicular plate known as the 
telson, the pygidium being a separate plate, which has the 
appearance of being the tenth dorsal sclerite bent downwards. 
On most earwigs there is a small fold on the tergite of the 
fourth segment or thereabouts, which contains a small opening 
connected to odoriferous glands. In a rudimentary state, 
earwigs show an attempt at union between the thorax and 
the first abdominal segment. 

The mouth-parts are of the usual mandibulate structure, 
with fairly prominent maxillulse in association with the hypo- 
pharynx. The labial and maxillary palpi are stated to be 
sensory, and there is a small apical segment on the palpi 
which seems characteristic of the order. The head, which 
is slightly flattened, carries large compound eyes, but no ocelli. 
The antennae are about half the lengthof the body and filiform, 
almost moniliform. The number of antennal segments increases 
with age, there being from ten to fifty in the adult. The 
elytra are short, thick and leathery, and rarely cover more 
of the body than the portion below which the hind-legs are 
inserted. They meet in a straight line down the back. The 
wings are very large compared with the elytra, and fold in 
the complicated manner indicated above — a way of folding 
the wings used by no other insect. They project slightly 
from under the elytra, the portion which projects being harder 
than the rest and coloured to harmonize with the elytra. 
When expanded, which it rarely is, the wing is shaped like 
the human ear and is very delicate in texture. Labia minor 
flies freely, and can often be watched folding up its wings. 
The legs are inserted far apart, have small free coxse and three 
tarsal joints, generally with no pulvillus. The spiracles are small 
and placed on the pleural membranes, making it impossible 
to see them unless the body is well stretched out. There are 
three pairs of thoracic and seven pairs of abdominal stigmata. 
The genital orifice has been observed to be double in some 
males. The forceps are generally larger in the male, which 
has nine visible ventral segments, while the female has seven. 

The alimentary canal is not convoluted, and is provided 
with a crop and a gizzard. Salivary glands are present, and 
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there are thirty to forty Malpighian tubules. The tracheal 
system is small, with no dilatations, and there are three thoracic 
and six abdominal ganglia, of which the last is larger than 
the rest. The ovaries vary. The common earwig has only 
one tube on each side, while species of Labidura have five, 
terminating separately into the oviduct, which lies obliquely 
in the body cavity. The testes are a pair of curved bodies 
connected to a slender vas deferens. The oviducts open 
separately to the exterior, but a male has been recorded in 
which there was a double ejaculatory duct. It is interesting 
to note that the genital ducts of this order are mesodermal 
and not ectodermal in origin. 

Little is known of the life-history in general, but that of the 
common earwig has recently been worked out in the United 
States. The eggs are round and white and are laid in batches 
of fifty to ninety in the ground or under some shelter. They 
are generally laid in the autumn, and the female remains with 
them and hibernates. It is stated by some authorities that 
the female tends the young nymphs, which hatch in the spring, 
but others deny this and say she has no further interest in her 
progeny after they have hatched. The young nymphs lie 
in a curved position in the egg and are provided with an 
egg-tooth for piercing the shell. When they just emerge they 
are white and could easily be confused with the Thysanura 
at first glance. They are similar to the adult, and in the 
apterous species are difficult to tell from the adult except 
by the chitin, which is much softer, and by the fact that the 
pincers are less developed and that the antennae have fewer 
joints. It has been stated that they will collect under the 
mother like chickens under a hen, and they have also been 
observed to eat their mother’s dead body. The imago is 
most active in damp weather, sometimes comes to light as 
in the case of Labidura^ is nocturnal in habit and lies in 
concealment during the day. The food of earwigs consists 
of decaying vegetable matter, small insects and larvse, and 
sometimes their own race. They devour pollen, sap and the 
petals and stamens of flowers. The nymphs of F. auricularia 
have two feeding periods in the United States, the first one 
occurring in spring and the second later in the summer. Their 
food at first consists of the tender shoots of clovers, grasses, 
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dahlia and other plants. Later on they feed on green shoots, 
blossoms and the bases of petals and stamens. These foods 
are presumably in addition to the ordinary mixed carnivorous 
and herbivorous diet. 

Hibernation takes place in the autumn, the individuals 
consisting of young adult males which have developed too 
late for copulation, and females. All other males die after 
copulation has taken place. For the purpose of hibernation 
the adults often collect in large numbers. They are to be 
found in the ground or in sheltered places, such as under the 
bark of trees, in rotting vegetation, under stones — in fact 
anywhere where it is fairly damp. Many are found on the 
seashore, and Anisolabis maritima lives under seaweed in 
the United States. iMbia minor can generally be found in the 
neighbourhood of manure heaps. The natural enemies are such 
insectivorous vertebrates as birds, frogs and toads, and also 
predatory beetles. There is a Tachinid parasite, and many are 
attacked by nematode worms of the genus if and Fitom, 
which lives in the body cavities of adults and nymphs. 

For a more extended study of the order the following works 
should be consulted: Perkins (1903); Kirby’s Catalogue 
(1904); Burr (1914) and Gen, Ins. Fasc. 122 (1911); U.S. 
Dept. Agri. Bull 566 (1917) ; Brindley (1918) ; Lucas, British 
Orthoptera (1920). 

Seven species are indigenous to Britain and four species 
have been introduced. Known species number about 500, 
with a total of somewhere about double that number. 

As a whole the economic importance of the Dermaptera 
may be said to be small, although in many cases they may be 
much less of an actual pest than is supposed. For instance, 
Chelisoches melanocephalus is commonly found in the bores 
made by boring caterpillars in sugar-cane, and may be acting 
as a check, while Perkins observed Anisolabis annulipes 
attacking the hopper Perkinsiella saccharicida. As pests 
they are confined to gardens, and in Europe, at any rate, are 
not to be counted at all serious. They are probably kept 
down by the natural enemies, and the ordinary gardener’s 
method of inverted flower-pots filled with grass serves to check 
their damage on show flowers. In 191 1 , however, F. auricuhria 
was noticed in some numbers in the gardens of large estates 



108 


MANUAL OF ENTOMOLOGY 


at Newport, R.I., and by 1916 had become a serious pest on 
ornamental flowers. This was probably owing to the earwigs 
having been imported without all the natural enemies. Action 
was taken against them by spreading poisoned bait early in 
May to kill the young nymphs. A mixture of stale bread and 
Paris green, made into a thin paste with water, was scattered 
broadcast late in the evening. This appeared very effective 
and was not dangerous to song-birds owing to the large amount 
of other food available. After the nymphs had migrated to 
the blossoms, they were sprayed with a soap and nicotine 
sulphate solution. In England earwigs have been so abundant 
in camps and in houses as to constitute a real pest. Gardeners 
dislike them for their habit of collecting in soft-petalled flowers, 
such as dahlias, which they eat. 


Arixbniidje. 

Parasites on bats. Eyes reduced ; wingless. Mandibles 
flattened, not functional. Cerci long, not segmented. 


A family formed by Jordan (1909) for insects found in the 



Fig. 39 . — Arixenia emu. 
(Simplified from Jordan.) 


pouch of a Malayan bat. 
Included in Dermaptera by 
Burr in Genera Insectorum, 
Fasc. 122 (1911). Jordan 
refers to them as anatomi- 
cally and morphologically a 
connecting link between the 
earwigs and Hemimerus^ but 
‘‘ not in a phylogenetic 
sense.” In general they re- 
semble the wingless earwigs ; 
and it is a possible point of 
view that they are a link to 
Hemimerus. Whatever place 
we give to Hemimerus, this 
apparently definite family 
are closely related, phylo- 
genetically, to Forficulidce. 


They are obviously of no economic importance : Arixenia 


esau Jord. is the knowm species. 



DEEMAPTERA 


109 


Hemimeridjs. 

Small, blind and wingless insects, with long flexible cerci ; 
found as parasites on the bodies of some African rodents. 

In appearance the HcTfii'nitTidcc arc something like very 
small Blattids, but are distinctly smaller than Cimex. They 
are exceedingly rare, and very little is known about them. 
As far as is known they are limited to parts of West and East 
Africa. 

The body is somewhat flattened, the 
pronotum large, and the abdomen fairly 
broad, terminating in a pair of long 
one-segmented cerci. They are brown 
in colour. The structure of the pleura 
is not understood, but on the abdomen 
they are said to be similar to those 
found in Forficulidce. The labrum is 
large, as are the mandibles, which are 
toothed on the inner edge. The 
maxillae are well developed and are pro- 
vided with five-jointed palpi. The most 
notable part of the structures which 
form the mouth is the Epipharynx- 
hypopharynx, which consists of a 
bilobed organ with an articulated 
appendage on each side, probably a 
palp. The legs have small coxae, and 
are provided with three-jointed tarsi, two 
of these joints being pubescent below. 

The spiracles arc difficult to see, but 
Hansen says there are ten pairs. The genital aperture is 
situated between segments eight and nine. Reproduction is 
viviparous, the young being said to be born six at a time, but 
it is more probable that they are born singly. The ovaries 
are stated to have eight egg-tubes each. Hansen has stated 
that the nymphs are connected with the walls of the material 
organs by a process from the neck, but no details of this have 
been ascertained. The nymphs are said to be similar to the 
adults, but with a simpler structure of the antennae, which 
are long and filiform in the adult. 



Fki . 40 . — llemimiruH 
Hansem. 

(After Uaiiaen.) 
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For the available information on these little known insects 
the following should be consulted: Saussure (1879), Hansen 
(1894), Bormans and Krauss (1900), Vosseler (1907), Car- 
penter (1909), Jordan (1909), Heymons (1912). 

There are no British species, and the group is of no economic 
importance. 



COLEOPTERA 


Beetles. 

Fore-wings (elytra) thickened, meeting in a straight line. 
Biting mouth-parts ; second maxillae fused. 

This is a large and very well-known order. Its members are 
widely distributed throughout the world and are found in all 
situations. Many of them are of considerable economic 
importance and come a good deal under the notice of mankind. 

Beetles are as a rule very easily recognizable, being different 
in appearance from the insects of any of the other Orders. 
They have, with few exceptions, a hard or leathery integument 
and two pairs of wings, the anterior pair usually being horny, 
forming a shield or covering for the posterior pair, which are 
membranous, and in most cases functional, folding, when not 
in use, beneath the elytra, as the anterior pair are called. The 
elytra in the majority of cases meet in a straight line down the 
centre of the l)ack ; but there are several species in which they 
become widely separated toward the apex. In some cases they 
are more or less truncate, as in the Staphylinidai and Psela- 
phidoi. 

The head is as a rule normal in shape and size, and is very 
mobile. There are, however, a number of species in which it 
is of unusual form, e.g. in the Rhynchophora it is produced 
in front to a greater or less degree, often forming a long, beak- 
like structure known as the rostrum, at the apex of which the 
mouth-parts are situated. The mouth-parts are of the pre- 
daceous or herbivorous biting type. There is a labrum or 
upper lip usually present, varying in size and entirely wanting 
in the Curculionidee. The mandibles vary according to the 
food-habits of the beetles. The herbivorous species have 
short, broad, blunt mandibles, well adapted for the kind of 
work they have to do. Carnivorous beetles have longer 
mandibles, sharply pointed, and sometimes with a cutting edge. 
With one exception the mandibles move horizontally : the 
exception is that of the genus Balaninus of the Curculiondee, 
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in which the mandibles move vertically. There are a pair of 
maxillae present, furnished with three- or four-jointed palpi. 
The palpi are rarely five-jointed. The lower lip or labium 
carries three- or two- jointed palpi which are in some cases 
setiform. The compound eyes vary much in shape, some being 
oblong, kidney-shaped, or round, others divided by a ridge, or 
strongly emarginate. The number of facets vary considerably. 
In some cave-dwelling species eyes are absent. Ocelli, although 
the usual organs of vision in the larvae, are very seldom pre- 



Fio. 41. — Types of Antonna?. 

1. Filiform — Carabld. 2. Serrate — Elaterld. 3. Ijimellate — Lucanid. 
4. Clavate — Staphylinid. 5. Geniculate — Curculionid. 


sent in adult beetles. The genus Homolium of the Staphy- 
linidee and some of the Dermestids possess a frontal ocellus. 

The antennae, also, are very variable, showing great diversity 
as to form, length, number of joints, and, in a less degree, 
position. The majority of the beetles have eleven- jointed 
antennae placed either in front of, or between, the eyes. As 
regards form they may be filiform or simple, moniliform, 
clavate, flabellate, serrate, lamellate, and lamellate with the 
club formed of movable, leaf-like segments. (Figs 41, 42). 

The head is usually broadly united to the thorax ; but in 
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some cases there is a distinct neck. The thorax is composed 
of three portions ; the prothorax, the mesothorax and the meta- 
thorax ; the upper portions being the pro-, meso-, and meta- 
notum and the lower portions the pro-, meso-, and meta- 
sternum. The pronotum is never joined to the mesonotum. 
The metanotum is covered by the elytra, while only a small 
part of the mesonotum is visible, this visible portion being 
called the scutellum. The pronotum is plainly visible. The 
elytra arc appended to the mesonotum and the wings to 
the metanotum. The anterior pair of legs are borne by the 
prosternum, the intermediate pair by the mesosternum, and 
the posterior pair by the metasternum. The abdomen is 
made up of a varied number of segments, usually five or six 
being visible on the ventral surface ; on the dorsum, covered as 
a rule by the elytra, seven, eight, or 
even nine segments are visible. The 
elytra in the majority of cases completely 
cover the abdomen ; but in some species, 
as mentioned above, they are very trun- 
cate : in some other forms they leave the 
apex of the abdomen exposed. Wings 
in many cases are large and functional ; 
in some forms, however, they are very 
rudimentary or totally absent. When 
not in use the large, functioning wings are neatly and in- 
tricately folded beneath the elytra. 

The legs vary as to length, size, and shape, being adapted to 
the habits of their possessors. They may be formed for digging, 
as in the Scurabemdee, or for swimming, as in the Dytiscidee : 
beetles like the Cicindclids have the long, slender, running 
type of leg ; others, like the Halticids, have the hind-femora 
thickened and formed for jumping. The number of tarsal 
joints vary, but there are never more than five. The coxae, 
which join the legs to the body, fit into sockets, called the coxal 
cavities. The cavities of the anterior coxa?, if placed entirely 
within the prosternum, are said to be closed behind ; but if 
placed on the juncture of the prosternum and mesosternum, 
are said to be open behind. In some species there is a small 
trochantin attached to the coxae of the anterior and interme- 
diate pairs of legs. 



Fkj. 42. — Antenna of 
Cockchafer {Melo- 
lontha vulgaris) ^ . 
(X 0.) 


I 
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As regards the internal structure, the alimentary canal is of 
more or less normal character. The pharynx, opening from 
the mouth, is followed by the oesophagus, which passes as a 
tube of varying size and length through the thoracic cavity. 
A crop is present in most of the adult beetles and also in certain 
of the larvae. Following the crop is the proventriculus, of 
which the inner surface is provided with horny ridges or spine- 
like teeth : it is well developed in all carnivorous and wood- 



Fig. 43. — Coleopterous tarsi, (x 25.) 

1. Carabid— simple type. 2. Ciirculionld— Khynchophoroiis type, 3. Chrysomelid— 
Phytophagous type. 4. CoccincUd. 

feeding beetles, but is not present throughout the whole order. 
The mid-intestine, or chylific stomach, is somewhat variable, 
being in some cases very elongate and coiled : in carnivorous 
species it bears elongate, pouch-like structures. The Lamelli- 
cornia and the Phytophaga have a more simple form of mid- 
intestine, although it varies in length, being very long in 
Lamdlicornia^ and short and small in the Cerambycids. At 
the junction of the stomach and the intestine proper are the 
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Malpighian tubules, which number either four or six. The 
intestine, or small intestine, is somewhat variable, being long 
in some species (Necrophagus and Dytiscus), and short and 
slender in others (Carabidce and Chrysomelidce). The colon, 
or anterior portion of the rectum, is in some species (Dyiiscus, 
Necrophagus) developed into a curious, bladder-like caecum. 
The rectum, which is sometimes larger than the colon, is pro- 
vided with structures, which, for want of a better term, are 
known as rectal glands. The anus is often furnished with 
glands of a repugnatorial nature, which secrete an offensive 
and corrosive fluid. Many species of Carabids possess this 
means of defence, especially the genus Brachinus, containing 
the Bombardier Beetles, which are able to emit a bluish vapour 
together with an explosion. Species of other families, also, have 
the power of ejecting fluids in some form or other. 

Salivary glands arc usually present, varying in number and 
character. Silk glands, although not usually present in 
Coleoptem, are found in some Chrysomelids and Curculionids, 
situated near the oesophagus. 

The nervous system consists of a number of ganglia or nerve 
centres united with each other by one or two nerve cords. The 
supra-oesophageal and the sub-oesophageal ganglia of the head 
are merged into one main ganglion. The ventral ganglia vary 
in number : e.g. the Lucanidee^ which have six or seven ganglia 
situated in the abdomen, and the Scarabwidw, in which all 
the ventral ganglia are concentrated in the thorax. 

The tracheal system is well developed, in some large forms 
with air-sacs. Usually there are spiracles on all the segments 
with the exception of the head and last segment of the abdomen. 
In many aquatic larvae gills are present in the form of lateral 
abdominal processes. 

With regard to the reproductive system, the female organs 
consist of two sets of ovaries, each containing a varying number 
of tubes ; an oviduct with accessory glands, a copulatory pouch 
with spermatheca and its accessory gland and the vagina 
to the copulatory pouch. In the Adephaga the ovaries are of 
the meroistic type, whereas the members of the other divisions 
have ovaries of the holoistic type. The male organs consist of the 
testes, vas deferens, ejaculatory duct, seminal vesicle, accessory 
glands and sedeagus or penis. In the Adephaga the testes are 
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simple, coiled tubes, but in other groups they consist of a 
number of little sacs opening into a main tube ; testes of this 
form are sometimes enclosed in a sort of capsule. In some 
families there are more than one pair of accessory glands. The 
vasa deferentia vary greatly in length, and in the case of 
Cetonia are extremely long. 

Besides the compound eyes and ocelli, already mentioned, 
there are other sense organs present in the insects of this order. 
The organs of smell have been proved to be situated in the 
antennse, in the form of minute pits connected with nerves. 
The antennae are also claimed to be the seat of the organs of 
hearing. Taste organs are said to be situated on the epi- 
pharynx, either as hair-like setae or minute pits. The antennae 
are tactile organs, and sensitive, tactile setae are found on 
various parts of the head and body. Many beetles have the 
power of stridulating, and organs for this process are found on 
various parts of the body and legs. Gahan (1900) has written 
an excellent paper on the stridulating organs. 

There is a wide range of colouring in the Coleoptera, Many 
beetles are very beautiful, with brilliant metallic colours ; others 
are vividly marked with sharply contrasting colours, giving a 
warning note to those birds and insects which seek to prey upon 
them, for many are possessed of extremely unpleasant, acrid 
flavours. Some species, which are in themselves harmless, 
successfully mimic the colouring, and sometimes the actions, 
of insects which do have some defensive properties. Protective 
resemblance is in this order carried out to a high degree of 
excellence, there being numerous instances of this among the 
tree-living beetles like the Longicorns and some of the Rhyn- 
chophora, many of which exactly resemble the grey, lichen- 
covered branches of the trees on which they rest. The 
habit of folding the limbs and feigning death is adopted by 
some species in the hope of escaping the attentions of their 
enemies. 

Beetles have a complete metamorphosis. The eggs are of 
two types : soft, oval eggs and harder eggs of varied shape. 
None of them are sculptured like those of the Lepidoptera, 
The soft eggs are the type laid in concealment, while the harder 
eggs are usually laid in the open. The larvae are of two types : 
the Campodeiform and the Eruciform or grub-like larvae, like 
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those of the Scarabseids ; the Campodeiform larvae are the 
active type, such as those of the Carabids and the Staphy- 
linids. There are modifications of these two forms. The 
pupae are usually soft and have the appendages more or less 
free. The larval habits are very diverse and where known 
are mentioned under their respective families. The length of 
the life-history varies, some species having several broods a 
year, while others take three or four years to attain the adult 
stage. 

The adults range in size from the minute to some of the 
largest insects known. Their habits are very varied : the 



Fig. 44. — Larvae. 

1. Oryctes rhinoceros (after Lefroy). 2. Carabid larva (L.N.S.). 3. Triungulln larva of 
iSitaris muralis (after Riley and Packard). 


majority are terrestrial ; but a considerable number are aquatic. 
The terrestrial forms are found in situations too numerous to 
mention except under their particular families. Many are 
predaceous, many herbivorous ; while others live on decaying 
animal and vegetable matter, acting as scavengers. There is 
no real social life and but few parasitic forms.- 

Both larval and adult beetles are preyed upon by birds, 
monkeys, and other small mammals. Insects of other orders 
also seek them as food, and many predatory beetles do not 
hesitate to devour their own kind. 

The classification of the Coleoptera since the time of Lin- 
naeus has undergone many changes, some of which were very 
clearly needed, The classification used in the following work 
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is the one adopted by Fowler, and is a combination of the 
systems formed by Ganglbauer and Sharp. The hundred 
and three families are divided into three sub-orders : — 

1. ADEPHAGA, 

2. POLYCERATA (Polymorpha or Polyphaga), which is 
split into six divisions : — 

1. Staphylinoidea. 4. Heteromera. 

2. Claviconiia. 5. Pliytophaga, 

3. Serricornia, 6. Rhynchophora. 

3. LA3IELLICORNIA, 

For authorities and catalogues the student should consult 
the numerous monographs in Geyiera Insectorum, references 
to which are given under the various families. References to 
the families listed in the Berlin Catalogue, edited by Schenklin, 
1910, are also quoted. Descriptions of the British species 
will be found in Fowler, British Coleopkra (i-v, 1887-1891) 
and Supplement (Fowler and Donnisthorpe, vi, 1913) : 

reference is made to this work in each family below ; other 
volumes used include Indian Insect Life (1909), Sharp, Cam- 
bridge Natural History, vol. ii (1899) and Fowler, Introduction 
to Coleoptera and Fauna of British India (1912). 

Regarding economic importance, the beetles undoubtedly 
rank high in this respect ; their vast numbers, their wide distri- 
bution, and the diversity of their habits and situations cause 
them to be a serious menace to mankind in his work of making 
the earth fruitful. 


Sub-Order I. ADEPHAGA 

Tarsi five-jointed. Antennae filiform. 

Ten families are included in this sub-order, all with the 
characters quoted above. These families contain active, 
predatory insects, and there are but few of economic import- 
ance. 



COLEOPTERA 


119 


ClCINDELID^. 


Tiger Beetles. 

Clypeus extending laterally beyond base of antennae ; 
maxillae terminating in an articulated hook. 

This family is well represented in both temperate and 
tropical regions. 

The members of this family are usually recognizable by their 
general form, which distinguishes them from the Carabidm, 
their near allies. They are, on an average, about an inch 
long, and are as a rule brightly coloured ; black, green, or brown, 
with dots or splashes of white, being typical of them. 

The head, which is well defined, bears mouth-parts of the 
predaceous type, consisting of long, curved mandibles, well 
adapted for seizing and holding their prey, and well developed 
labium and maxilla). The antenna) are simple and of medium 
length, and the eyes are prominent. The legs are long, finely 
spined, and adapted for running. The sexes are recognizable 
by the fact that the female has seven visible ventral abdominal 
segments, while the male has only six. 

The period covered by the life-history varies according to 
species, some taking two and others three years : that of 
Cicindela campestris, a well-known British species, is three 
years. A few forms are known in which the larvae spend their 
existence in the stems of trees and bushes ; but the great 
majority prefer damp soil, particularly sand with a small 
percentage of clay. About fifty eggs are laid separately in 
little pits formed by the ovipositor of the female. The eggs 
are, in shape, an elongated oval, and of a clear cream colour. 
The period of incubation is from ten to fourteen days. There 
are three larval stages, covering a period varying from ten to 
twenty-one months. Hibernation as larvae or adults is the 
general rule. The larvae enlarge the pits as they grow and 
spend their whole time in them, waiting for unwary insects to 
pass within reach. They support themselves in their burrows 
by means of their legs and a projection on the dorsal surface 
of the fifth abdominal segment. Pupation takes place in the 
soil, in a little chamber hollowed out from the side of the 
burrow. 
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An account of the Life-Histories and Larval Habits of the 
Tiger Beetles ” has been written by Shelford, 1908. Griddle 
(1910) has done some work on this family. 

The British species, which number four, belong to the genus 
Cicindela (Fowler), 

There is only one instance of the Cicindelidce being of any 
economic importance, and that is in the East Indies, where the 
larvae of some of the species of the genus Collyris burrow in 
the stems of coffee plants. A species of Tricondylea is also 
injurious to coffee. The remainder are carnivorous in both 
stages and possibly beneficial. 


Carabid^. 

Carnivorous ground beetles. 

The clypeus not extending laterally beyond base of antennse. 
Maxillae not hooked. 

This is a very large family, having a wide range in both 
temperate and tropical regions. 

They are from small to moderate size and are usually of 
sombre appearance, although there are a few species having a 
more vivid coloration. 

The head is, as a rule, narrower than the thorax : the filiform 
antennae are of moderate length. The mouth-parts are con- 
spicuous and strongly predaceous. The eyes are large and in 
some cases prominent. Wings are absent in some species, the 
elytra then being soldered together. The legs are well-developd 
and fairly long, except in a few instances when they are used for 
digging, they then being shorter and more stoutly built. The 
males have the basal tarsal joints of the fore-legs expanded. 

Up to the present little has been found out as to the complete 
life-history. In the case of Anthia sexguttaia, however, the 
eggs are known to be about a quarter of an inch in length, oval, 
white, and soft. The larvae are slender, with large heads and 
long mandibles. There are three pairs of moderately long 
thoracic legs. The body gradually tapers and terminates in a 
pair of cerci and an anal tube. They are of a dull colour and 
are very seldom seen, living, as they do, in concealment mo^t 
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of the day. Pupation takes place in the soil. The life of the 
adult is considered to be long, the beetles hibernating in the 
earth, under stones or other places which afford shelter. Some 
species are diurnal and others nocturnal in their habits. The 
majority of them possess glands opening just above the anus, 
which emit an evil-smelling liquid when the beetle is alarmed by 
the approach of an enemy : in a few species the liquid, when 
liberated, goes off with a small report, thus being an admirable 
means of defence. With very few exceptions the Carabidse 
are carnivorous in both larval and adult stages, living on cater- 
pillars and many other forms of insect life. It is difficult to 
say where these beetles are not to be found, hill and plain, 
forest and pasture, all having their quota of them. 

The various sub-families of the Carabidm have been mono- 
graphed in the Genera Insectorim, hy E. Rousseau in fascicules 
38 (1905), 40 (1906), 83, 84,85,86(1908) and by Dupuis, fasci- 
cules 116, 117, 123(1911), 126, 134 (1912), 145,146, 147 (1913). 

Horn has done much towards the classification of this 
family (1881), and Gen. Ins. Ease. 82 (1908, 1910, 1915). 

The British representatives number over 300 species (Fowler). 

The family as a whole can be said to be beneficial, their 
carnivorous habits helping to keep in check the superfluous 
insect life. There are, however, a few cases in which they 
are injurious, young wheat sometimes being attacked and 
also strawberries. 

Species of Zabrus and Clivina are injurious to wheat ; Har- 
pains and Pterostichus attack strawberries. 


Amphizoid^. 

Antennse inserted just in front of the eyes. Pronotum 
short and narrow ; elytra ovate. Legs not formed for 
swimming. 

A very small aquatic family of one genus, comprising only 
three species, two of which are found in Western North America 
and one in Eastern Tibet. 

They are little over half an inch in length and are dingy in 
appearance. 

Their naouth-parts resemble those of certain of the Carabidg, 
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The legs are feeble, and not, as might be expected, adapted for 
swimming. 

The larvso are also similar to those of the genus Carabus, the 
abdomen terminating in a pair of cerci, but not having an anal 
tube. The adults as well as the larvae spend their lives in cold, 
rapid streams, clinging to stones, etc., they being very poor 
swimmers . Both larvae and adults are presumably carnivorous . 

Sharp (1882) has written on this family. 

Pelobiid.® {Hygrobiidm). 

Head not sunk into prothorax. Antennae bare. Anterior 
coxae conical, tibiae and tarsi provided with swimming 
hairs. 

This is a very small family of one genus, two members of 
which are found in Australia, one in Chinese Tibet, and one 
in Britain. 

In general form they resemble the Aw,phizoidm^ but are more 
convex and have the head more prominent. 

The mouth-parts are of the predaceous type ; the head is 
free, with prominent eyes. The moderately long legs are 
fringed with hairs which assist in swimming, while in the male 
the anterior and intermediate tibiae are dilated. 

The larvae are of rather curious form, having a large head 
bearing predaceous mouth-parts, and a sharply tapering body, 
the eighth abdominal segment ending in three long processes. 
The adult insect, which is found, like the larva, in ponds and 
ditches, has the power of stridulating ; the sound, according to 
Darwin, being produced by the tip of the abdomen rubbing on 
a file-like structure on the under-side of the elytra. 

The species are listed by Zimmermann in the Berlin Catalogue. 
The one British species is Pelobius tardus (Fowler), usually sold 
in Co vent Garden and elsewhere under the name Squeaker.” 

Haliplid^. 

Antennae ten-jointed, inserted near eyes. Hind coxae 
extend into two broad plates covering first three sternites. 

This is a small family comprising about 100 species, the 
majority of which are found in temperate regions. 
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They are all of small size, never exceeding 5 mm. in length, 
of an oval shape and usually of a dark colour. 

Their mandibles are grooved, enabling them to suck their 
prey. The plate-like form of the hind coxae make a good 
character for recognizing the members of this family. The 
males have the three basal tarsal joints of the anterior legs 
slightly dilated. 

The larvae are of peculiar form, having many fleshy append- 
ages attached to various parts of their body. In habit they 
are somewhat sluggish and cling to weeds, etc., in streams 
and ponds. The adult insect is also found in ponds and 
running water, and by the type of its mandibles is presumably 
carnivorous. 

The species arc listed by Zimmermann in the Berlin 
Catalogue. 

There are thirteen British species (Fowler). 


Dytiscii)^. 


Posterior coxae enlarged, contiguous at inner margins. 
Hind -legs formed for swimming. Males with the three basal 
joints of fore tarsi dilated. 


About 2,000 species arc contained in this family. They 
have a wide distribution, but are more abundant in temperate 


than in tropical regions. Their colouring 
is usually some unobtrusive shade of 
brown or blackish bronze ; but there are 
a few tropical species more brightly 
coloured. They vary in size from quite 
small insects to fine, broad species over 
an inch in length. All are compactly 
built and oval in shape. 

The head is broad, and closely fits the 
thorax. The mouth-parts are of the car- 
nivorous biting type. The eyes are large, 
the antennse filiform and of moderate 
length. The elytra, which closely join the 



Fio. 45 . — Dytiscus 
niaryinalis (nat. size). 


thorax, cover the abdomen completely. 

Functional wings arc present in all species. The anterior 
pair of legs are of moderate length, and in the males have the 
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three basal joints of the tarsi dilated to form a sucker-like 
pad. The posterior legs are long and adapted for swimming, 
with the tarsi somewhat flattened and ciliated at the edges. 
The elytra of the females of some species have a series of deep 
grooves down two-thirds of their length. An unpleasant fluid 
is emitted from the anus and the articulation of the head when 
these beetles are seized. 

Eggs are laid in the water on the leaves of aquatic plants. 
The resulting larvse are elongate, with a large, flat head and a 
narrow, tapering body, terminated by two hairy processes. 
There are three pairs of long, swimming legs. The air supply 
is obtained by means of two spiracles at the apex of the 
abdomen. The mandibles are long, curved and hollow, a 
device which enables these larvse to grasp and suck the juices 
of their victims. The larvae leave the water to pupate, making 
a cocoon in the mud at the water’s edge. Both larvae and 
adults are carnivorous, the larvae fiercely so. The adults 
often take to flight on hot days. They are found in both 
stagnant and running water, but more usually the former. 

There is an excellent monograph by Sharp (1880-2) on 
this family. Miall, in his Aquatic Insects, gives an account 
of Dytiscus marginalis, a big British species. 

Zimmermann lists the species in the Berlin Catalogue. 

There are 106 British species. 


Gyrinid^. 


Whirligig beetles. 

Antennae short and thick ; eyes divided. Hind coxae fixed 
and posterior legs formed into paddles. 

These beetles are widely distributed throughout the world. 

A family of small beetles, easily recognizable from their 
habit of swimming about in intricate curves and circles on 
the surface of fresh water. They are usually shiny and black 
in colour. 

The head, which is large, bears very short, inconspicuous 
antennae. The eyes are divided, so that when the beetle is 
swimming on the water one portion of the eye is above while 
the other is under the surface. The middle and hind legs are 
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short and paddle-like in form, enabling the beetle to perform 
its gyrations. The males have the anterior tarsi dilated. The 
females are often slightly larger and less shiny. 

Eggs are laid on aquatic plants. The larvoo are aquatic, 
and are furnished with lateral gill processes on each of their 
abdominal segments. Pupation takes place in flimsy cocoons, 
which are usually attached to aquatic plants, clear of the water. 
The adult spends most of its time on the surface of either still 
or running water, only diving below the surface on the approach 
of danger. They are attracted by light, when they will leave 
the water by flight. Both larvsc and adults are considered to 
be carnivorous. 

The family has been monographed by Regimbart in Genera 
Insectorum, Ease. 1 (1902), and also by Sharp. There are 
eleven British species (Fowler). 

PAUSSIDiE. 

Antennae of abnormal and varied forms. Elytra truncate, 
pygidium usually exposed. 

A moderately large family of about 300 species, well repre- 
sented in both tropical and sub-tropical countries. One species 
is found in the south of France. 

Small beetles, rarely exceeding half an inch in length, usually 
black in colour, with deep-blood-rcd markings. They are 
easily recognizable by the extraordinary forms of the antenna?. 

The mouth-parts are rather small, with short, curved 
mandibles. The antenna? are extremely variable, both as to 
form and the number of joints, anything from two to eleven, 
some of which are often expanded into a leaf- or blade-like form. 
The wings are well developed. The legs are stoutly built and 
sometimes have the femora and tibiae much expanded. 

The larvae, which are carnivorous, and found in ants' nests, 
much resemble those of certain Carabids. The adults in nearly 
all cases are also myrmecophilous, chiefly inhabiting the nests 
of terrestrial ants, although some have been found in the nests 
of tree-infesting ants. It has been suggested that these beetles 
secrete some substance which is attractive to the ants. They 
also have the power of discharging, with a slight explosion, a 
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caustic fluid. They are much given to flying at night and are 
attracted by light. 

The family has been monographed by Desneux in Genera 
InsectoTurrij Ease. 35 (1905). Raffray, 1887, and Gestro, 1901, 
have also written on the family. Gestro lists the species in 
the Berlin Catalogue. 


Rhysodid^. 

Head with a slender neck. Antennae eleven -jointed . Hind 
coxae widely separated. Tibial spurs oblong, double on 
anterior, single on middle and hind legs. 

This family is comprised olonly a few species, but is widely 
distributed, being found in both temperate and tropical 
regions. 

In general appearance they somewhat resemble some species 
of Carabids and are elongate. In colour they are either black 
or brown. 

The head, which is joined to the thorax by a distinct neck, 
bears mouth-parts which are entirely covered by a large 
men turn. There are six visible ventral segments. The legs 
are short, the anterior tibiae have a pair of curved spines at the 
apex, while the middle and posterior tibiae have only one apical 
spine. Little is known of the life-history. They are found 
under the bark of trees. 

The species are described by Gestro in the Berlin Catalogus 
Coleopterorum, 

There are no British species. " 


CUPEDID.®. 

Elongate. Abdomen with five visible sternites. Pronotum 
separated by sutures from pleurae of thorax. Metasternum 
with cross-suture before hind margin. Elytra with lattice- 
like sculpture, body covered with grey scales. 

A small family, the few species of which are found in the two 
Americas, the Philippine Islands, one in Japan, Burma, and 
Eastern Siberia, and one in Australia. 

They are elongate insects, bearing some resemblance to the 



COLEOPTERA 


127 


Telephoridce in general appearance. They are dull greyish 
brown in colour. 

The head is small, with prominent eyes and long, stout, 
tapering antennae. The elytra cover the abdomen and have a 
lattice-like appearance due to rows of large, square punctures. 
The legs are short and slender. 

Little is known of their life-history. Some species frequent 
old, timber-built houses, but whether as wood-feeders or as 
parasites of other wood-borers is not definitely known. 

The family has been worked on by Kolbe {Zeitsch. Ifm. 
Insectenbiol.y 1908) and Lameere {Ann. Soc. Ent. Beige,. IQOO). 

Gestro lists the species in the Berlin Catalogue. 

Sub-Order II. POLYCERATA (Polymorpha, Sharp) 

Antennae usually clubbed or serrate. Number of tarsal 
joints varied. 

This sub-order contains eighty-nine families, many of them 
of great importance. 

(a) STAPHYLINOIDEA 

Venation without cross -veins or loop. Antennae simple. 

Staphylinid^. 


Rove beetles. 

Antennae variable. Tarsi three- to five-jointed. Elytra 
truncate, only covering base of abdomen, which is flexible, 
with ten tergites and at least seven visible sternites. 

A very large family, of universal range. 

Its members are slender and elongate in shape and vary 
much in size, from the minute to about an inch in length. 
They are usually sombre in appearance, being black or a dull 
brown; but there are a few species which show a brighter 
coloration. 

The mouth-parts are conspicuous, with stout biting man- 
dibles. The antennae may be ten- or eleven-jointed, filiform or 
clubbed. The eyes are not as a rule conspicuous, and in a few 
cases may be absent, but there are a number of species in 
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which they are very prominent, especially in the genus Stenus. 
The legs are of the active, running type. In some cases the 
abdomen terminates in two short style-like processes. The 
integument of these beetles is weaker and softer than is usually 
the rule in this order of inseets. The wings are large, and when 
not in use are folded away under the short elytra. 

The larvae are in form not unlike the adults, with the 
addition of a pair of anal cerci and an anal tube. They have 
many of the characteristics of the Carabid and Dytiscid larvae, 
being very active and rapacious. Some are predaceous on 
other insects, some feed on decaying animal and vegetable 
matter, while a few live on pollen and sap of plants. The 
pupae in some cases are covered with a 
sort of gummy secretion which fixes the 

M parts together, thus making a form of 
obtect pupa. The adults are found in 
many situations, but particularly where 
there is an accumulation of rubbish, or 
in dead birds and animals. Their food 
habits are much the same as those of 
the larvae. They usually feed at night, 
spending the daytime in places of con- 
Som. specie* «e found in the 
size). nests of ants, where it is supposed they 

secrete a fluid attractive to the ants, and 
perhaps act as scavengers. The assuming of a menacing 
attitude is practised by a few members of this family, especi- 
ally by the well-known ‘‘Devils’ Coach-horse” (Ocypus olens), 
of this country, who, on the approach of danger, stands with 
widely opened jaws and the long, flexible abdomen curving 
upwards. A number of species give out an unpleasant odour 
when disturbed. 

Bernhauser and Schubert have listed the species in the 
Berlin Catalogue. 

Two sub-families have been monographed by Fenyas in 


Genera Insectorum, Fasc. 173a (1918). 


There are over 800 British species (Fowler). 

None are known to be directly injurious, and the family as 
a whole can be considered generally beneficial, owing to theii 


predaceous habits and work as scavengers. 
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PSELAPHIDiE. 

Small. Maxillary palpi large. Tarsi three -jointed. 
Elytra truncate. Five ventral abdominal segments. 
Myrmecophilous . 

A fairly large family, well distributed about the world. 

They are very small beetles of dull colouring, usually 
brown. 

The antennsD are of curious form, much subject to variation, 
and in some species the number of joints are reduced to even 
one. The tarsal joints are also reduced in number in some 
species. 

Little is known of the life-history ; but in one case in which 
the larva is known, it is said to resemble somewhat those of 
the Staphylinidee, 

The great majority of the species live in the nests of ants, 
where it is believed they secrete, from little pubescent patches 
distributed on various parts of their bodies, a peculiar substance 
that is attractive to the ants. Other species are found in moss, 
dead leaves or matter of a similar nature, where they feed on 
mites, etc. 

The family has been monographed by A. Raffray in Genera 
InsectoruTYiy Fasc. 64 (1908), and Ann. Soc. Eyit. France. 
1903-4. 

There are about thirty-four British species (Fowler). They 
are not of any economic importance. 


Gnostid^. 

Very small. Antennae three -jointed. Tarsi five-jointed. 
Elytra cover the abdomen ; three apparent sternites. 

Only two species are contained in this family, and up to 
the present they have only been found in Brazil. Beyond the 
fact of their inhabiting the nests of the Cremastogaster ants, 
little is known about them. Westwood, Trans. Entom. Soc, 
London (N.S.), III, 1855. 

K 
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SCYDM^NID^. 

Very small. Antennae expanding apically. Tarsi five- 
jointed. Anterior coxae contiguous, posterior coxae separate, 
lemora usually thickened. Six visible ventral segments. 
Lyes coarsely granulated. 

A family of about 1,200 species, widely distributed through- 
out the world. . They are very small beetles of a dull brown 
colour, and somewhat hairy. 

The mouth-parts are of the predaceous type, the mandibles 
in some species being long and sickle-shaped. The elytra, 
which in the great majority cover the entire abdomen, in some 
cases leave the pygidium exposed. 

Little is known of the life-history. The adults are found 
in moss, dead leaves, and matter of a similar nature, where it 
is presumed they are predaceous on such forms of life as the 
Acari. Csiki lists the species in the Berlin Catalogue. There 
are about twenty-four British species (Fowler). 


SlLPIIII)^. 


Burying beetles. 

Size variable, lJ-30 mm. long. Antennae usually clubbed. 
Tarsi four- to five -jointed, anterior coxae conical and con- 
tiguous. Eyes finely granulated. Apex of abdomen often 
exposed, five to six sternites, free. 

Found in both tropical and temperate regions, but the greater 
number in the latter zone. Europe, North America, New 
Zealand, South Australia, and Tasmania. 

A family of great variability both in point of size and form. 

The majority are small, not exceeding half an inch in length ; 
but there are quite a number of an inch and over. They are 
usually of sombre appearance, but gaudy colouring, particu- 
larly orange and black, predominates in some species. 

The mouth-parts are conspicuous, with strong mandibles. 
The head is capable of being bent down and hidden by the 
big thoracic plate. The legs are moderately long and stoutly 
built, especially in the genus Necrophorus, 
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Little is known of the larvso of the smaller species, but those 
of the larger are flat and somewhat tapering. The larvae of 
the genus Necrophorus bear spiny plates on the back of the body. 
A pair of cerci are usually present on the ninth abdominal 
segment. Some, especially those of the genus Silpha, are very 
active, and possibly predaceous, snails in particular being 
attacked. The larval food generally is decomposing animal 
or vegetable matter. The adults of the genus Necrophorus 
are well known as ‘‘ Burying beetles,” owing to their habit of 
excavating beneath the dead bodies of small mammals or 
birds, which gradually sink into the ground, where they are 
devoured by their buriers. Occasionally Silphids may be 
found in the nests of birds, but as a generality the ground is 
their habitat. The family has been classified by Dr. Horn, 
Trans, Amer, Entom. Soc, VIII, 1880. The British species 
number about 104 (Fowler). 

A few species are more or less of economic importance, 
damage being done by the larvae and adults to the leafage of 
certain crops, such as beet, cereals, spinach, and potatoevs. 
The genera concerned are Silpha and Bathysia, 


Clambid^. 

Minute, convex, hemispherical. Antennae eight- to ten- 
jointed, with two-jointed club. Tarsi four-jointed. Head 
very large ; maxillae with two long lobes. Wings partly 
ciliate. Five to seven free sternites. 

A family of near relationship to the Silphidce, The majority 
of its species are found in Europe and North America ; Ceylon 
and the Canary Islands have one representative each. They 
are very small, round, and convex, and are generally dull in 
colour. 

The head is large and bears clubbed antenna) and maxilla) 
which have two long lobes. The wings are more or less ciliate. 
The number of visible sternites varies from five to seven. The 
larvae are elongate, narrowing towards each extremity. These 
beetles live under bark or in decaying vegetable matter. 
There are four British species (Fowler). 
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LEPTINIDiE. 

Small. Antennae long and filiform. Eyes wanting or 
rudimentary. Tarsi five-jointed. Elytra covering abdomen. 

A small family of only two genera, numbering three or four 
species altogether, and found in Europe and North America. 
They are small and dull of colour. 

These beetles resemble in a general way some of the smaller 
Silphids ; but their filiform antennae arc much longer, and 
they have a very short metasternum. They are usually blind, 
or the eyes, if present, are extremely rudimentary. The larvae 
are unknown. 

The European species is found in dead leaves, rotting wood, 
birds’ nests, and are also said to live parasitically on the bodies' 
of small mammals. The North American species have been 
found on the bodies of beavers. There is one British species, 
Lepthms iestaceus (Fowler). 


Trtchoptkryoid;r . 

Minute. Antennae with a three-jointed club. Elytra 
abbreviated or complete. Wings fringed with hair. Tarsi 
three -jointed. 

A family of wide distribution, but most numerous in the 
tropics. Some of the smallest known beetles are contained in 
this family; the smallest members are J mm., and the largest 
rarely exceed 1 mm. They are obscurely coloured. The 
antennae are clubbed and the maxillae are tri-lobed. The 
elytra, according to species, may or may not cover the abdomen. 
The wings are remarkable in being very narrow and fringed on 
both edges with long fine hairs. 

The larvae are elongate, with large heads and eyes, and have 
the apex of the abdomen furnished with a pair of appendages. 
The adults are found in rubbish, among leaves, under bark or 
in rotten wood. 

The family has been monographed by Dr. Matthews, London, 
1892 and 1900, and listed by Csiki in the Berlin Catalogue. 
There are eighty-five British species (Fowler). 
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HYDROSCArHIDJi. 

Minute. Aquatic. Antennae eight-jointed. Tarsi three- 
jointed. Abdomen long and narrow. Wings deeply fringed 
with hairs. 

A family comprising only four or five species, found in North 
America and Southern Europe. 

In size not exceeding two millimetres. Obscure in colour. 
Their general characters resemble those of the TricJiojHerygidm, 
They are found in running water. 

Monographed by Dr. Matthews, London, 1876. 


SrinnKiiD.E. 

Minute, hemispherical. Head and eyes large, antennae 
short, eleven -jointed, clubbed. Wings large, deeply ciliated. 
Tarsi three-jointed. Three visible ventral segments. 

A family of one genus of very few species, found in Europe 
and California. 

They are very small insects, rarely exceeding 1 mm. in 
length. They are round and convex and somewhat shining. 

The head and eyes are large ; the maxilte have only one 
lobe. The wings, which are larger than in the preceding 
family, have a fringe of long hairs. There are only three visible 
ventral segments. 

They are usually found on mud or under stones in damp 
places. Dr. Matthews has written on the family. There is 
only one British species (Fowler). 


CORYLOPHlDJi. 

Minute. Antennae eight- to eleven -jointed, loosely clubbed. 
Palpi with second joint much dilated. Tarsi four-jointed, 
third joint minute and concealed. Six free ventral segments. 

A family of about 200 species, with representatives in all 
parts of the world. They are very small insects, usually of 
rounded form, but are more oval in some cases. They are 
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obscurely coloured in black or brown. In general appearance 
they resemble some of the smaller members of the Silphidm. 
With the exception of one genus, the Aphanocephalus, the 
wings are fringed with hair. The palpi are remarkable in 
having the second joint much dilated. Both larvse and adults 
are found in decaying vegetable matter and are believed to be 
predaceous. 

The family has been worked on by Dr. Matthews, and listed 
by Csiki in the Berlin Catalogue. There are twelve British 
species (Fowler). 


PlI^NOCEPHALID^. 

Minute. Antennae eleven -jointed, last three joints forming 
an elongate club. Head sessile, defiexed. Tarsi four -jointed, 
basal three bi-lobed, of equal length. 

A family of one species, only found in Japan. In general 
appearance it seems to have some affinity to the Corylophidm 
and Tricho2Hery(jid(E. The head, which bears clubbed antennae, 
is large, broad, and is bent downwards. Nothing is known 
as to the habits or earlier stages. 


PSEUDOCORYLOPHIDiK. 

Minute. Antennae eleven -jointed, apparently nine -jointed, 
the last three forming a solid club. Tarsi three-jointed, 
coxae rounded and widely separated. Head retractile. 
Wings ample, broadest at the base, with distinct veins. 

A family comprising thirty species contained in one genus. 
Some species occur in Penang, China, and Japan, and one in 
Brazil. 

They bear relationship in various ways to the Coccineltidce, 
Trichopterygidm, and Silphidee, They are very small and have 
a large retractile head and three-lobed maxillsG. The antennse 
are short and bear a solid club. The wings are large, with 
quite distinct veins. The tarsi are three-jointed. The life- 
history is not known. 

The species have been listed by Csiki in the Berlin Catalogue. 
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SCAPHIDIID^. 

Antennae ten- to eleven -jointed, expanding apically. Legs 
long and slender, tarsi three -jointed. Elytra truncate. 
Abdomen with six to seven visible ventral segments, the 
basal one large. 

A family of about 200 species, widely distributed in both 
temperate and tropical regions. They are small and bluntly 
ovate. Some species arc brightly coloured, while others are 
of sombre appearance. 

The head is of moderate size with the eyes prominent. The 
pronotum, which closely fits the elytra as in the Histeridw, is 
large. The elytra do not cover the abdomen, but leave the 
last three segments exposed. The legs are long and slender. 

The larva of Scaphisoma agaricinmn, which may be taken 
as being fairly typical, resembles those of the Staphylinido’, 
the cerci, however, being very short. The sides of the body 
bear long hairs. There is also a short anal process. Both 
larvae and adults are found in mushrooms, where they feed on 
the tissues. Dr. A. Matthews has written on the family. 
Csiki lists the species in the Berlin Catalogue. There arc four 
British species (Fowler). 


Histeridai:. 

Antennae short, clubbed and elbowed. Tarsi five -jointed, 
tibia usually dilated. Elytra truncate, exposing two seg- 
ments. Hind coxae widely separated. 

A largo family of some 1,700 species, widely distributed 
throughout the world. They are easily recognizable by their 
compact form and hard integument. They arc usually black 
and shining, with deep striations on the elytra. Some species 
have red or orange markings. The shape varies ; the majority 
of species are very rotund, but there are others more elongate 
and very flat. 

The mouth-parts are well developed, with strong mandibles. 
The head in some species is retractile. The antennae are 
elbowed and clubbed, and concealed when not in use in a groove 
under the pronotum. The pronotum is large and closely 
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fits the elytra, which are truncate, leaving two segments 
exposed. The legs are short, stoutly built, with enlarged, 
toothed tibia. 

The larvae are elongate, more or less broad, with soft integu- 
ment. They have well-developed mouth-parts with strong 
mandibles. The abdomen terminates in a pair of short, two- 
jointed cerci. The legs of some species, particularly the genus 
HisteVy are very short. The adults of Hister and allied genera 
frequent dung, carcases, etc., and although it has been thought 
they feed on such matter, it is very possible they are predaceous 
on Dipterous and other larvae which are to be found there. 
Some species are found living with termites, while others 
frequent ants’ nests. The larvae are carnivorous. 

The family has been monographed in the Genera Insectoruniy 
by Bickhardt, Fasc. 166 (1916). The species have been listed 
by Bickhardt in the Berlin Catalogue. 

There are forty British species (Fowler). 

Their habits either as scavengers or predators might be 
considered beneficial. 


NlPONIIDiE. 

Elongate, cylindrical. Antennae elbowed, with three- 
jointed club. Tarsi five-jointed, the last nearly as long as 
the preceding four together. Clypeus with horn -like 
projections. 

A small family containing only one genus of few species, 
found in Japan, India, and Borneo. They are small beetles, 
not exceeding 6 mm. in length ; elongate and cylindrical in 
form and generally black or some other dull colour. 

The head is broad and long, with the clypeus bearing short, 
horny projections. The mandibles are large and deflexed. 
The antennae are elbowed and clubbed. The pronotum is 
long and broad, the elytra truncate, exposing two segments. 
The legs are stoutly built, the tibiae being strongly toothed on 
their outer edge. They are diurnal in habit and are found 
frequenting timber affected with Scolytids, which they seek 
out in their borings. 

Mr. G. Lewis has written of them {Trans. Ent. Soc'* Land, 
1886). 
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Platypsyllidje. 

Small, wingless, eyeless. Antennae three -jointed, tarsi 
five-jointed. 

A family of only one species, which has been found in Europe 
and America. It is a small beetle of most abnormal characters, 
and it was for some time considered to belong to a separate 
order. 

It has a large head in which the eyes arc wanting and the 
mandibles very rudimentary. The antenna) are superficially 
three-jointed, but the knob-like third joint is made up of seven 
or eight very compact joints. The elytra are very short and 
wings are wanting. The legs are short, with five-jointed tarsi. 

It has been found on the beaver ; but whether it feeds there 
on other smaller parasites, or on skin exudations, does not seem 
to be clear. The larva is known to be elongate, narrowing in 
front and behind, and possessing a pair of short cerci and an 
anal process. This family has been monographed by Desneux 
in Gen. Ins. Ease. 41 (1906). 


(h) CLAVICORNIA 

Antennae usually clubbed. 

Synteliid^. 

Antennae subgeniculate, clubbed. Tarsi five -jointed. 
Abdomen with eight or nine tergites and five sternites. 
Elytra not quite covering abdomen. 

A small family of one genus containing six species, occurring 
in India, Eastern Asia, and Mexico. They are allied to the 
Histeridee and are oblong and somewhat depressed in form. 
They have large heads, with strong mandibles ; antennae which 
are more or less elbowed and terminate in a broad, compressed 
club. The pronotum is long and broad, but does not fit the 
base of the elytra as in the Histeridee. The legs are strongly 
built and have five-jointed tarsi. 

Nothing seems to be known of the life-history. They have 
been found frequenting trees with running sap. 
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SPHiERITID^. 

Antennae short, eleven -jointed, clubbed, not geniculate. 
Tarsi five -jointed. Anterior and posterior coxae contiguous, 
middle coxae separated. Elytra truncate. Legs slender. 

This family contains one species found in the West of North 
America, and Northern and Central Europe. It is a small 
insect bearing a superficial resemblance to some of the 
Histerids. The antennae possess a three- jointed club, but are 
not elbowed. The pronotum fits closely to the elytra, which 
are truncate, leaving the apex of the abdomen exposed. The 
legs arc slender. 

It has been found in old fungi, in carcasses of small birds and 
mammals and in snails. The earlier stages are not known. 


TR'OGOSiTiDyT^ {TemmcMlidm, Osto^nidm). 

Antennae clubbed on one side. Tarsi five-jointed, first 
joint small. Elytra covering abdomen. Hind coxae con- 
tiguous, fore and middle coxae more or less expanded. 

A family of from 400 to 500 species, mainly found in tropical 
regions ; but some of its nxembers have been distributed 
about the world by commerce. 

They are small insects varying much in form ; some are 
round and convex, others elongate and cylindrical. Their 
colouring is usually dark. They have strong biting mouth- 
parts, short antennae, with the apical joints laterally expanded ; 
a well-developed prothorax; elytra which completely cover 
the abdomen, and fairly short legs. 

A good distinguishing feature between them and the 
Nitidulidce is the fact of their having the first and not the 
fourth tarsal joint very small. The larvae are elongate and 
parallel-sided, with a large head and well-developed mandibles. 
The thoracic legs are short. The apical segment bears two 
short, chitinized processes. There are a few bristles on the 
sides of the body. 

The adults of some genera (Nemosoma, Temnockila, and 
Tenebrioides) live in decaying trees on the larvae of wood- 
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boring insects. Other species {Osionm) inhabit fungoid growths 
on trees. The larvae are questionably predaceous. 

Rupertsburger has done some work on this family (1894). 

There are three British species (Fowler). 

Tenebrioides mauritanica, a cosmopolitan insect, lives in 
stored grain, which it is accused of damaging. The larva 
certainly injures a lot of grain by eating out the embryo of 
each ; but it is a question as to whether the adult does not 
feed more on the larvae of other grain-infesting insects than 
on the grain itself. In any case, it is easily exterminated by 
means of heat and fumigants. 

Helotid^. 

Antennae short, with four-jointed club. Tarsi five-jointed, 
fifth longer than rest combined. Anterior coxal cavities 
round ; coxae widely separated. Two raised waxy spots on 
each elytron. 

A small family of about forty species, occurring in Japan, 
Malay and certain parts of India. One species has been found 
in East Africa. In shape they arc an elongate-oblong, with 
a metallic upper surface, much sculptured, and usually with 
four raised, yellowish, waxy spots on the elytra. 

They have a small head, short, clubbed antennae, and eyes 
set well back. In general characters they resemble the 
Erotylidcc. The first tarsal joint is very small, and the fifth 
is longer than the preceding four together. 

They have been found feeding on the exuding sap of trees. 
The earlier stages still remain to be investigated. The species 
have been listed by Ritsema in the Berlin Catalogue. 

Byturid;b. 

Antennae inserted before eyes, eleven -jointed, with three- 
jointed club. Tarsi five-jointed, fourth small ; claws 
toothed. Coxae narrowly separated, anterior coxal cavities 
closed behind. Five free ventral segments. 

A family of only one genus comprising four species, two of 
which are found in Europe and two in North America. 

They are small beetles, 3-4 mm. long, of a dull yellowish 
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tinge with grey or greenish pubescence. They resemble in 
general characters some species of the family Nitidulidm. 

The larvae are cylindrical and have at the sides a few long 
hairs. The abdomen terminates in a pair of short cerci, and 
there is an anal process, said to assist locomotion. The pupae 
are very hairy and are found in the soil, or sometimes in crevices 
of sticks. The adults frequent flowers, feeding on the petals, 
etc., especially those of the raspberry, loganberry and black- 
berry, of which latter the cultivated kinds are more often 
visited. On warm, sunny days the beetles may often be seen 
in flight. The two European species occur in Britain (Fowler). 

The habits of the larval and adult stages of one of the British 
species (Byiurus tomentosus F.) make it of economic importance 
inasmuch as greatly effects the quality and quantity of the 
raspberry crop of this country. Damage is done in the first 
place by the adult biting the blossoms and often destroying 
the reproductive organs. An egg is also laid by the beetle in 
the blossom as soon as it opens, the resulting larva eating its 
way to the receptacle, into which it burrows and from there 
eats portions of the surrounding fruit, which either becomes 
deformed or falls off. The grubs sometimes crawl from the 
damaged berry to a clean one, burrowing into it at its base. 
Pupation generally takes place in the soil or under the loose 
bark of the canes, the adults emerging in the following spring. 

A good method of control is to dig well around the canes ; 
also to burn all prunings. 


Nitidulidm. 

Antennae with a three -jointed club. I'arsi usually five- 
jointed, fourth joint small. Coxae separate, outwardly 
prolonged. Elytra often truncate. Five free sternites. 

A large family of some 1,500 species, widely distributed in 
both temperate and tropical countries. 

They are an interesting family inasmuch as they vary greatly 
in shape, size, general structure and habits. They are mostly 
black or brown of colour, with or without markings, and are 
generally pubescent. They range from very small to moderate 
sized insects. Some are round and convex, some oval, and 
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others narrow and elongate. Some have abbreviated elytra 
and resemble Staphylinids, others have only the last two 
segments exposed, while others again have complete elytra. 

The head is usually of moderate size. The antennje bear a 
club, in some species round and compact, in others rather loose 
and oval. The thorax closely fits the elytra in the majority 
of cases. There are five visible ventral segments. The legs 
are short, stout, and in some species retractile. The tarsi are 
in nearly all cases five- jointed ; but the posterior tarsi of the 
males of the tribe Rhizophagina are four-jointed. 

The larvae, several species of which have been described by 
Perris, etc., are elongate, with a smallish head and short 
antennae. They more or less taper towards the apex, and have 
the last segment furnished with a pair of hooks. The legs arc 
short. They are found in many situations : in flowers, on the 
parts of which they feed, in carcasses of animals, in rubbish 
or faggots and many other places. The adults likewise have 
the same diversity of habit, and occur in a variety of situations : 
at sap of trees, among bones, in rotting fruit, or on flowers, 
and the members of one genus (Am])hotis) in ants' nests. Many 
act as scavengers, while others live on fresh food. 

The family has been monographed in part by Murray 
{Trans. Linn. Sac. xxiv) and by Reitter (Verh. Ver. Bninn. 
xii). Fowler has written on the general characteristics of 
the family in the Entom. Mo7it}i. Mag., vols. xxi and xxii. 

Grouvelle lists the species in the Berlin Catalogue. 

There are ninety-two British species (Fowler). 

The family cannot be said to be of economic importance, 
although members of the genus Carpophihs have been found 
among grain and dried fruits, and Meligethes mneus in the 
flowers of mustard, rape, and tobacco. 

CucuJiDiE. 

Small, flat. Antennae eleven -jointed. Tarsi four- or 
five-jointed. Pronotum often laterally toothed. 

A family of some 450 species, distributed over the greater 
part of the world. The majority of them are quite small 
insects, but a few attain to more moderate size. In form they 
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are generally elongate, narrow, and depressed. They seldom 
show any other colouring than varying degrees of brown. 
The antennae are inserted under the side margins of the front, 
and although they are usually long and slender at the apex, 
may in a number of cases be feebly clubbed. The mandibles 
are prominent and strong. The sides of the thorax are crenu- 
late in a number of species. The elytra cover the abdomen. 
The legs are moderately long, usually with five-jointed tarsi ; 
but in some males are four-jointed in the posterior legs, and in 
a few cases are all four-jointed. The larvae vary much in shape. 
Some are very fiat, others cylindrical and convex. Those of the 
genus Brontes, etc., have well-developed cerci and an anal 
appendage. In Silvanus the apical segment is quite simple ; 
the pupae, however, bear two short cerci. 

The adults usually live under bark or in decaying wood ; but 
quite a number of species are found in grain, rice, dried fruits, 
tobacco, etc. There are also a few which live in ants’ nests. 

The larvae of the wood-infesting species are carnivorous, 
feeding on the larvae of wood-boring beetles, particularly some 
of the ScolytidcE. There are eighteen British species (Fowler). 

Silvanus surinamensis, which has become almost cosmo- 
politan, lives and breeds in sugar and dried foods, as well as 
in grain infested l)y other insects. 


Monotomid^. 

Very small. Antennae eleven -jointed, with solid club. 
Tarsi five-jointed, apparently three -jointed. Maxillae free. 
Five free sternites, first and fifth longest. Pygidium 
exposed. 

A family of about 1 00 species, which are widely distributed. 
They are very small, somewhat elongate and depressed and 
usually of dull colouring. 

The head is large, with short, strong mandibles. The 
thorax is crenulate at the sides. The elytra do not completely 
cover the abdomen, but leave the pygidium exposed. The 
females have five visible ventral segments and the males six. 
The adult beetles are found under bark and in rubbish. 
A few species inhabit the nests of ants. There are nine 
British species (Fowler). 
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Erotylid^. 

Antennae eleven -jointed, with three- or four-jointed club, 
inserted in front of or between the eyes. Tarsi five -jointed, 
apparently four -jointed in some forms, the basal three broad 
and pubescent. Elytra covering abdomen, five free sternites. 

A large family, occurring in both temperate and tropical 
regions, but the majority of its members inhabiting the latter 
zone. 

They are subject to much variation in size and form and also 
of colour. Those found in temperate regions are usually small, 
more or less oblong and without much distinctive colouring ; 
but the tropical species are larger, with more diversity of 
form, some being nearly round and others elongate, and are 
often much more highly coloured, especially in metallic blues 
and greens. 

The head is of moderate size, but varies somewhat in shape. 
The antennae, which have a three or four-jointed club, arc 
placed just in front of or between the eyes. The thorax in 
many cases has the sides slightly raised. The elytra com- 
pletely cover the abdomen. There are five free ventral 
segments. The legs arc of moderate length, with five-jointed 
tarsi ; the fourth is often very small and can easily be 
overlooked. 

The larvae of a few species are known : that of Languria 
mozardi is elongate, yellow of colour, with an anal appendage 
and two curved, spiny cerci. The legs are fairly long. The 
larvae of the sub-family Erotylimjc arc somewhat broader and 
not always furnished with cerci and an anal appendage. The 
legs are very short. 

The adults and larvae of the sub-family Languriince frequent 
low bushes and plants : the larvae in many cases living in the 
stems. The Erotylinm are more confined to forest regions, 
where they live in fungus growths on timber. The former of 
these sub-families has been listed by Fowler (Gen. his. Fasc. 
78, 1908) and the latter by Kuhnt (Gen. Ins. Fasc. 88, 1909). 
Gorham has worked on some of the Indian species (Ann. 
Soc. Ent. Beige, 1895 and 1903). The species are listed in the 
Berlin Catalogue. 

There are only six British species. 
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In America, one species, Languria mozardi^ Lac., injures the 
clover crop to some extent, by the larvae boring in the stems. 

Cryptophagid.®. 

Small. Antennae eleven -jointed, usually with a three- 
jointed club. Tarsi five -jointed, sometimes heteromerous 
in the males. Elytra covering abdomen, upper surface more 
or less pubescent. Five visible sternites, first longest. 

A family of some 500 odd species, found in both temperate 
and tropical regions. 

They are small beetles, not exceeding 4-5 mm. in length ; 
obscure of colour and generally pubescent above. 

They possess inconspicuous biting mouth-parts. The sides 
of the pronotum arc slightly toothed. The elytra are often 
pubescent, in some cases having a thick covering of hairs. 
The first ventral abdominal segment is in all cases the longest. 
As stated above, the tarsi arc usually all five- join ted ; but in 
the males of some species the posterior tarsi are only four- 
jointed. 

The larvsc are elongate, but do not possess cerci or anal 
appendage. 

Both larva) and adults occur in a variety of situations : in 
fungi, mould, or decaying vegetable matter ; on flowers or 
under bark. The larvae of the genus Antherophagus have been 
found in the nests of bumble-bees; while some species of 
Cryptophagiis occur in wasps’ nests and others of Atomaria in 
ants’ nests. It is presumed that the larvae found in association 
with other insects act as scavengers. 

There are sixty-nine British species (Fowler). Atomaria 
linearis, has been known to attack beet in Europe. 

Catoprochotid.®. 

Minute. Antennae very short, eleven -jointed, compact, 
but not clubbed. Tarsi five -jointed. Middle and hind coxae 
widely separated. Pronotum as broad as base of elytra, 
which do not quite cover abdomen. 

A family of few species, found in Turkestan. 

They are very small beetles, not exceeding 3 mm. in length. 
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They resemble somewhat the Corylophidce, but are not so 
round in form. 

The antennae are very short and inserted under the side 
margins of the forehead. The anterior coxae are separated 
by a prostemal process. The elytra do not quite cover the 
abdomen. 

Little seems to be known as to the habits and life-history 
of these insects. 


PHALACRIDiE. 

Very small, compact, convex, smooth and shining. 
Antennae eleven -jointed, clubbed. Tarsi five -jointed, fourth 
joint often very small. Front coxae globular, hind coxae 
contiguous. Elytra cover abdomen. Head sunk into 
pronotum. 

A family of about 300 species occurring in all parts of the 
world. 

They are very small, compact insects, oval in form, and 
generally smooth and shining ; black or brown of colour. 

The head is sunk into the pronotum and half concealed. 
The antennae are more or less clubbed. The legs are short 
and stout. 

The larva of one species, Olibrus affinis, has been described 
by Laboulbene, as having a narrow head, a broader pronotum, 
with two dorsal plates, and a somewhat broad anal process. 
The larva of 0. bicolor has short cerci, but no anal process. 

The adults are usually found on herbage, often on the 
flower-heads of the Compositce. Occasionally they occur in 
moss. The larvae of the flower-frequenting species are said 
to bore down the stems and pupate in earthen cocoons. 

There are fifteen British species (Fowler). None are of 
economic importance. 


Thorictid.®. 

Very small. Eyes small or rudimentary. Antennae short, 
eleven-jointed, clubbed. Tarsi five-jointed. Scutellum not 
visible, elytra connate at suture, covering abdomen. 

A small family of two genera, found only in the Mediterranean 
region. 


L 
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They are very small insects, rarely exceeding 2 mm. 

The antennsB, which are short and thick, have a club which 
appears to be solid, but is really three-jointed. The eyes are 
small, and in some species very rudimentary. The scutellum 
is not visible, and the elytra, which cover the abdomen, are 
soldered together at the suture. The legs are short and stout. 
These beetles possess little tufts of yellowish-golden hair, in 
some species situated on the ventral surface of the body, in 
others at the hind angles of the prosternum. 

The adults are found in the nests of ants, particularly 
Myrmecocystus. They have often been noticed clinging to 
the scape of the antennae of the ants, and it has been suggested 
by Wasmann that this habit enables the ants to reach the 
above-mentioned tufts of hair, which secrete some substance 
appreciated by the ants. 

Derodontidje. 

Small, coarsely punctured. Antennae almost filiform, 
slightly thickened towards the apex. Legs slender, tarsi 
five -jointed, simple. Elytra cover abdomen. Five free 
ventral segments. 

A small family of nine species, occurring in Europe, North 
America, and Japan. 

They are small and coarsely punctured ; oblong or oval in 
form. Their eyes are prominent and their antennje almost 
filiform. The members of the genus Derodontus have a round 
thorax, toothed at the sides. The elytra completely cover 
the abdomen. The legs are slender, with five- jointed tarsi. 

The life-history is unknown. 

They have been listed by Schenkling in the Berlin Catalogue. 

There are no British representatives. 

Lathridiid.®. 

Tarsi three-jointed. Pronotum narrow. Abdomen with 
five or six free ventral segments. 

A family of some 700 species, occurring in all parts of the 
world. 

They are small beetles, not exceeding 3 mm. in length ; 
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elongate-oval in shape ; pubescent in some species and bare 
and shining in others. The head is proportionally big. The 
mandibles not very well developed. The antenna^, which have 
the last two or three joints expanded to form a loose club, are 
inserted in front of the eyes. The thorax is often much 
narrower at the base than the elytra, which are in many cases 
strongly punctured and ribbed. The legs are long and slender, 
with three- jointed tarsi. 

The larva3 are elongate, oval, soft, whitish in colour, with 
markings in some species, and clothed with hairs of varying 
length. The thoracic segments are larger than the others. 
The last abdominal segment possesses a short process, acting 
as a proleg. The mandibles are fleshy. The pupa) are whitish, 
and bear short hairs on and near the face. Both stages are 
found in moss, decaying wood, powdery fungi, and various 
kinds of vegetable refuse. There are also a few myrmeco- 
philous species. They feed on dead animal or cryptogamic 
matter. 

The family has been monographed by M. J. Belon in the 
Genera Insectonm, Ease. 3 (1902). There are thirty British 
species (Fowler). 


MvCETOPHAGIDyE. 

Antennae eleven -jointed, thickened towards the apex to 
form a club. Tarsi four-jointed, except the anterior pair in 
the males, which are three -join ted. Five free, equal, ventral 
segments. 

A family of some 100 species, distributed over the greater 
portion of the world. The members of this family are small, 
usually elongate-oblong in shape ; more or less pubescent, and 
in many cases brightly coloured, especially with orange or 
yellow markings. The head is small. The clubbed antennae 
are inserted in front of the eyes, under the side margins of the 
forehead. The legs are slender, and of moderate length. 
The males are recognizable by the fact of their anterior tarsi 
being only three-jointed. The thorax and elytra are usually 
more or less punctured and pubescent. 

The larvae of a number of species have been described by 
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Perris as being elongate and parallel-sided, with a few long, 
lateral hairs, the abdomen terminating in a pair of short, 
hooked cerci and also a very small anal tube. The legs are 
short. The adults are found under bark, in fungi, amongst 
the rubbish at the bottom of haystacks, and occasionally in 
granaries. They are presumably fungus-feeders in both 
larval and adult stage. 

There are eleven British species (Fowler). 


COLYDIID^. 

Mostly elongate and cylindrical. Antennae short and 
clubbed, eight- to eleven -jointed. Tarsi four-jointed, simple. 
Elytra covering abdomen. Five visible sternites, anterior 
ones connate. 

A family of some 600 species, with representatives in most 
parts of the world. 

These are small to moderate-sized beetles of varied form. 
The majority of them are elongate and cylindrical. They 
are usually black or dull brown of colour. 

The antennae are usually ten- or eleven-jointed, but there 
are a few species in which they are only eight-jointed. The 
club in some cases is solid. The thorax and elytra are often 
very markedly sculptured, in the same manner as many of 
the Lathridiidae , The eyes are of moderate size, but one 
species, Langelandia anophihalma, which lives always under- 
ground, is blind. 

The larvcTB of some species are known : that of Ditoma 
crenata is elongate and linear, with all its segments of about 
equal size, the last one terminating in a pair of short, horny 
processes. The head is somewhat narrow and the legs short. 

The adults live in fungi, old stumps and under bark of trees. 
The members of one genera, Langelandia, live underground. 
Others again, belonging to the genus Colydium, have been 
found in the burrows of wood-boring beetles, where they 
destroy the larvse. 

The family has been classified by Sharp (BioL Centr, Amer. 
1894). 

There are sixteen British species (Fowler). 
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ADIMERIDiE, 

Minute. Tarsi apparently two-jointed, really four-jointed, 
first joint very broadly dilated, last joint elongate. 

A small family of one genus, containing three species, only 
found in Central America and Brazil. 

In general appearance they resemble the Colydiuhr. 

The formation of their tarsi is of interest inasmuch as 
although they appear to be two-jointed, they arc really four- 
jointed ; the basal joint is much dilated and practically conceals 
two minute joints at its base. The last joint is elongate. 

Nothing is Imown of the life-history. 


EndomychidtE. 

Antennae long and clubbed, inserted between the eyes. 
Tarsi four-jointed, apparently three -jointed, basal two broad. 
Five free sternites, the first longest. 

An extensive family of some 600 species, distributed over 
the greater part of the world, the majority, however, being 
found in tropical regions. 

The members of this family show 
much diversity both of form and colour, 
many being possessed of unusual shape 
and striking colouring, particularly red 
and black. Some species are very small, 
only 1 mm. in length, while others, par- 
ticularly those found in the tropics, 
attain a length of nearly an inch. 

The head is small and the mouth- 
parts not very conspicuous. The an- 
tenna? have a somewhat flat three- 
jointed club. The legs are rather longer 
than those of the Coccinellids. The 
elytra in some species are produced, with a slight upward 
slope, beyond the sides of the body. In some other species 
the elytra bear a number of strong upright spines. 

The larvae of a few species are known : that of Endomychus 



Fig. 47. ■ — Endojnyvhufi 
coccineus. (X 4.) 
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coccineus L., a British species, much resembles certain Silphid 
larvae. Others are described by Bates as being oblong-oval, 
somewhat convex and more or less hairy, and possessing 
moderately long antennae. Both larvae and adults are found 
under bark or in cracks or crevices of trees, where they feed 
on fungoid growths. 

The family has been worked upon by Gorham (Biol. Centr. 
Amer. VII). 

Fowler describes five British species. 


COCCINELLID^. 

Ladybird beetles. 

Round, convex. Antennae eleven -jointed, with slight club. 
Head deeply sunk into prothorax. Legs short, usually 
strongly retractile. Tarsi four-jointed, basal two pubescent, 
third minute and concealed. Claws toothed. 

A family of over 2,000 species, widely distributed throughout 
the world. 

The members of this family are the well-known “ ladybird 
beetles,” their characteristic round and convex form greatly 
aiding distinction from most other families. There are, 
however, several species of a more oblong-oval shape. They 
are usually shiny, red, or yellow, with a greater or less number 
of black or brown spots. They are typical instances of 
warning coloration, being possessed of a very unpleasant 
acrid flavour, extremely distasteful to birds. Several species 
are somewhat pubescent and less brightly apparelled. 

The family may be clearly divided into two groups ; one 
group, the EpilachninoBj containing herbivorous species, and 
the other, the Coccindlince, carnivorous species. By far the 
greater number belong to the latter group. 

The general characteristics are : a smallish head, deeply 
sunk into the prothorax and bearing, in the Coccinellince, 
simple, or bifid mandibles, and in the Epihchnince mandibles 
of the herbivorous type. . The antennae are shorter than those 
of the preceding family, the Endomychidee, and are only feebly 
clubbed. The thorax is as broad at base as the elytra, which 
entirely cover the abdomen. The legs are short and more or 
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less retractile, with four- jointed tarsi, the third joint of which, 
in the majority of cases, is extremely small and concealed. 
The sexes do not differ much in external characters, although 
the males are in some cases smaller ; also there is often a slight 
modification in the structure of the apical ventral segment of 
the males. 

The eggs are laid on end in clusters openly on plants, and 
are cigar-shaped and generally yellow. The larvae are elongate, 
broadest across the base of the thorax and tapering sharply 
to the apex of the abdomen. The mouth-parts are well 
developed. The legs are moderately long. The coloration 
varies, but is usually conspicuous, often being greyish with 
a varied number of yellow or reddish markings. The body 
is often covered with spines and tubercles. Pupation takes 
place on the plant, the larva) attaching themselves to the leaf 
by the apical segment with the aid of a sticky secretion. The 
anterior part of the body is drawn up toward the apical end ; 
the split larval skin shrinks into a wrinkled mass, but is not 
entirely cast off the pupa. Some larva) are able to cover 
themselves with a waxy secretion from pits in the body, 
causing them to resemble mealybugs. 

The life-history in the majority of cases is short, all stages 
being gone through in three weeks. There are several broods 
per year. Hibernation takes place as adults, large numbers 
being found in the winter, congregated under loose bark or 
in cracks. They are often found behind pictures in rooms and 
in the window frames. 

Both larval and adult stages of the carnivorous species feed 
voraciously on aphids, scale insects, mealybugs and white 
fly, and are therefore very beneficial. Thea cincta feeds on 
the fruiting bodies (Perithecia) of a mildew (Phyllactinea corylea) 
which grows on the foliage of mulberry. The Epihchnince are 
herbivorous and feed on the epidermis of the leaves, especially 
of Cucurbitaceous and Solanaceous plants. Their larvae are 
less active and are more oval in shape. They pupate in the 
same manner as the Coccinellince. 

Gorham is an authority on this family. Weise and 
Stettiner also have done some work on it. Fowler describes 
the forty-two British species. Only one of them belongs to 
the herbivorous group. 
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The family as a whole is of great economic importance by 
virtue of its carnivorous species : immense numbers of aphids, 
etc., being eaten by these beetles. To take only one example, 
that of Chilomenes sexmaculata, which lays about ninety eggs 
on the leaves of the cotton plant ; it has been estimated that 
one of the larvse resulting from these eggs eats about 2,400 
cotton-infesting aphids in the course of its existence. The 
Epilachnincei when abundant, may do a certain amount of 
damage, particularly to Solanacece and Cucurbitacece. 

DERMESTIDiE. 

Antennae clubbed, concealed in a groove under pronotum. 
Head usually with frontal ocellus. Legs short, retractile ; 
tibiae sometimes with distinct spurs. Tarsi five -jointed, 
claws simple. Surface often pubescent or scaly. 

This family, which is of moderate size, has a wide distribution, 
the greater number of its members, however, inhabiting 
temperate regions. Their habits have caused a number of 
species to become almost cosmopolitan in range, they being 
carried about the world by commerce. 

In shape these beetles are oval or oblong, and are of small 
size, seldom exceeding 10 mm. in length. They are generally 
of a dull black or grey colour and have a covering of fine hairs 
or scales, which in some species form a pattern on the elytra. 
The antennae, which are short and clubbed, are capable of 
being concealed in a groove under the pronotum. In some 
species there is an ocellus situated on the frontal portion of 
the head. The head is more or less retractile. The apical 
joint of the antennae of the males of some species is enlarged. 

The larvae, generally, are notorious as being serious damagers 
of dried goods such as skins, horns, wool, etc., also cheese and 
bacon. The larvae of the genus Anthrenus, of which the adult 
beetles frequent flowers, are particularly harmful as ravagers 
of collections of Natural History specimens. The appearance 
of the larvae is peculiar and interesting, owing to their furry 
upper surface, which makes them resemble some of the 
Lepidopterous larvae. The head is small, with short antennae 
and usually six ocelli on each side. The legs are short, and the 
body is covered with a somewhat thin skin, clothed in places 
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with tufts of long hair. The larvae of Tiresias serra, which 
lives under loose bark among cobwebs, etc., has been described 
and figured by Sharp, who says that the three posterior 
segments of its body bear on each side tufts of long brown hair, 
which are capable of being raised or lowered at will. Pupation 
takes place in the larval skin, which splits along the dorsal 
surface, but is not cast off the pupa. It is curious to note that 
the life-history can be prolonged in every stage if food is scarce 
or conditions unfavourable. Both larvsc and adults can live 
for some time without nourishment ; while the eggs will remain 
as they are if they should chance to be in a position not 
advantageous to the larvae on emergence. The adults are, 
as a rule, comparatively harmless. 

The family has been listed by Dalla Torre in the Berlin 
Catalogue. 

Fowler describes the twelve British species. 

The species of most economic importance are : Dermesles 
lardarius, which is cosmopolitan in range and attacks bacon. 
D, vulpinus, also cosmopolitan, which destroys hides, etc., 
and in India ravages the cocoons of silk moths. Anthrenus 
vorax, in India, attacks wool, hides, etc. A. scrophuhricc, in 
America, attacks carpets and woollen goods. Trogoderma 
khapra, in India, attacks grain, and is now established as a pest 
of barley in England : the last is particularly dangerous, as it 
attacks dry grain and will probably become cosmopolitan. 
Its introduction to Australia, the Argentine and the United 
States will be a serious matter, but, in the absence of any 
precautions, will certainly take place. 

Byrrhidje. 


Pill beetles. 

Oval, very strongly convex. Head with vertical forehead. 
Antennae clubbed and inserted between the eyes. Tarsi 
usually five -jointed. A prosternal spine fitting into a 
niesosternal cavity. 

A family containing about 300 species found in both temper- 
ate and tropical regions. 

The popular name of ‘‘ pill beetles ” is an apt description of 
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the appearance of the Byrrhids, when on alarm they press their 
legs to their bodies and remain motionless : while their colour 
often resembles the ground to which they fall when disturbed. 

The antennae are thickened towards the apex, forming a 
club, and are inserted between the eyes. The head in all 
species is retractile ; the mouth-parts being almost concealed 
by the prosternum. The legs are short, stout, and strongly 
retractile, the femora being provided with a furrow for the 
reception of the tibiae when the legs are retracted. The elytra 
cover the abdomen. The integument, generally, is somewhat 
hard. 

Of the complete life-history little is known. The larvae of a 
few species have been described. That of Byrrhus pilula, 
a well-known British species considered to be typical of the 
family, is a cylindrical, soft creature, with a broad head, and 
the prothoracic and the last two abdominal segments larger 
than the others. The last segment bears a pair of short 
pseudopods. The larva spends part of its time under the 
turf ; but may sometimes be found on the surface. The 
adults of the genus Byrrhus frequent roots of grass, low plants 
or moss on which they feed. Others may be found on the 
leaves of plants. 

Sharp has done some work on this family. A list of the 
species by Dalla Torre will be found in the Berlin Catalogue. 
Fowler deals with the twelve British species. No members 
of this family need be considered in an economic aspect. 


Nosodendrid^. 

Oval, very convex. Head prominent, mentum large. 
Antennae clubbed, inserted in front of the eyes. Tarsi five- 
jointed ; legs short, retractile. 

A family consisting of one genus, containing about twenty- 
eight species. They are, however, fairly widely distributed, 
being found in Central and North America, Ceylon, and most 
of the European countries. 

In general appearance they resemble the Byrrhidce, under 
which family they have been included by some authors. 

They differ from the Byrrhids in having the head prominent 
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and the mouth-parts somewhat concealed by a large mentum. 
The clubbed antennsB are placed in front of the eyes under the 
side margins of the forehead. The abdomen is completely 
covered by the elytra. The legs are short and retractile and 
possess the grooved femur in common with the Byrrhidfl. 

It is in the larvae that the chief difference between the two 
families lies ; those of the Nosodendrids being broad and more 
like woodlice in general appearance. They also possess 
curious stalked spiracles on tubercles, and short, recurved, 
lateral processes on the first seven abdominal segments. The 
longest and pear-shaped eighth segment does not carry cerci. 
The larva of N osodendron fascicnlare has been described by 
Ganglbauer. 

The adults have usually been found near wounded trees 
with flowing sap, upon which they presumably feed. N. 
mexicanum inhabits more muddy places. 

Dalla Torre has listed the species in the Berlin Catalogue. 
There are no British species. 

Cyathoceridte. 

Minute insects of broad form ; parts of the mouth 
concealed. Antennae four -join ted. Tarsi not divided into 
joints ; prosternum small (Sharp) , 

This aberrant family contains only one species, which has 
been described by Sharp as having the above features. It is 
found in Central America. The life-history is unknown. 

GEORYSSIDiE. 

Small, compact. Antennae nine -jointed, last three forming 
a club. Legs long, tibiae slender, tarsi four-jointed. 

A family of one genus containing about twenty-four species 
well distributed throughout North America, Ceylon, Europe, 
and Australia. 

They are all small beetles of compact build, with a large, 
downwardly deflected head. The antennae are inserted under 
the sides of the front portion of the head and bear an oval 
club. The thorax is closely fitted to the elytra, which com- 
pletely cover the abdomen. The legs are long and slender. 
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The anterior coxae are somewhat prominent and, by their being 
flattened into plate-like structures at the tip, conceal the 
prosternum. The colouring is black or dark brown and the 
elytra are coarsely sculptured. 

Their habitat is sandy or muddy places at the foot of cliffs, 
or sometimes under stones in running water. They have the 
curious habit of coating themselves with mud or sand, a pro- 
ceeding which causes them to blend well with their surroundings. 
This coating is said by Erichson to be retained on the back by 
the aid of a gummy secretion. The characteristics of the 
earlier stages still remain to be discovered. 

A list of the species by Zaitzer will bo found in the Berlin 
Catalogue. 

There is only one British species. 


DuYoriDiE {ParnidWi including Elrnidce), 

Variable form. Head usually, retractile. Antennae very 
variable. Tarsi elongate, five-jointed, last joint large. 
Eyes round, sometimes hairy. Prosternum produced in 
front and behind. 

A family containing about 550 species of fairly wide distri- 
bution, the greater number being found in Brazil, Mexico, and 
North America. Europe and India also have representatives. 

These beetles vary greatly as to shape, but are all small 
insects, usually black or bronze in colour. Some are oval, or 
oblong-oval, others are more elongate and somewhat cylindrical. 
They are often clothed with a fine pubescence. The family is 
usually split up into two groups : the Elmince and the Dryopince 
or Parnince, 

The head is small and usually retractile. The antennae 
differ in the two groups, those of the Elmince being long, fili- 
form or serrate, while in the Dryopince they are very short, and 
have in some cases the second joint dilated. The eyes are 
sometimes hairy. The elytra completely cover the abdomen. 
The legs are slender, and in some species very long. The 
larvae of the two groups differ much in form. Those of 
Dryopince live under stones in damp places and are nairrow 
and elongate, with some resemblance to the larvae of the 
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Elateridce, Elmince have elongate larva), oval and narrowing 
behind, with the segments laterally furnished with long hairs. 
The last segment terminates in a longish, thin process, bearing 
three sets of filaments, which are said to be used in respiration. 
They inhabit running water, attaching themselves to stones, 
etc., as do also the adults, the pubescent under-surface of their 
bodies enabling them to carry down a supply of air. The 
adults of the Dryopmce occur in damp places mider stones, etc. 

Kletkl has done some work on the family, and a list of the 
species will be found in the Berlin Catalogue. 

The fifteen British species are dealt with by Fowler. 

Hydrophilid^. 

Size variable, | mm. to 50 mm. long. Antennae six- to 
nine -jointed, inserted in front of eyes, basal joint long, 
remainder forming club, apical joints broadened, fitting 
below head. Tarsi five-jointed, basal joint often small. 
Maxillary palpi often longer than antennae. 

This is a large family containing well over 1,000 species. 
They are widely distributed, tropical regions having a greater 
number of species than temperate comitries. 

In size they vary greatly, for while there are a considerable 
number of small and minute species, there are also many of 
medium size, and some which attain a length of close on two 
inches. They are compactly built and usually oval in shape, 
especially in the aquatic forms. Some of the terrestrial and 
sub-aquatic species are oblong, while many are spherical. 
Bright colours are not seen in this family, most of its members 
being brown, yellowish, or black. 

The antenna) are short, with the apical joints forming a broad 
club, which is often pubescent. The maxillary palpi are of 
unusual length, sometimes being longer than the antennae. 
The eyes are larger and in some cases almost divided. The legs 
are long, and in the aquatic species are furnished with swim- 
ming liairs. The first tarsal joint is in some cases very sniall. 

The majority of these beetles are aquatic, living in ponds, 
ditches and streams of both fresh and brackish water. Others 
are sub-aquatic and terrestrial, living in mud, dung, refuse, 
^tc. ; some are found under the bark of trees. 
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The earlier stages of some of the aquatic species are known. 
Miall, in his Aquatic Insects^ gives an excellent account of the 
life-histories of Hydrophilus piceus and Hydrohius fuscipes. 
The eggs are neatly packed in a case fitted with a mast-like 
structure and attached to an aquatic plant at the surface of 
the water or floating free. The larvae, which resemble some- 
what those of the Dytiscids, are elongate, tapering sharply 
toward the apex. The mandibles are smaller than those of 
the Dytiscids, and the larvae, although carnivorous, are less 
rapacious. Pupation takes place in damp earth near water. 
The larvae have spiracles at the apex of the body, through which 
the air supply is obtained. The larvae of other aquatic species 
vary much in form. The adults are principally herbivorous. 

The sub-aquatic and terrestrial species, which belong to the 
sub-family Sphceridiince, are herbivorous in both larval and 
adult stages, acting in many cases as scavengers of decom- 
posing vegetable matter. Their larvae are very unlike those 
of their aquatic relations, being grub-like and practically desti- 
tute of legs. They are found in the roots of grass, in refuse, 
in moss, in the dung of herbivorous animals, under stones in 
damp places, etc. 

Schiodte has figured and described the larvae of many species 
(1861-1873). Fowler has described the larvae and habits of 
several of the British species. Regimbart also has described 
many species. The British species number ninety-seven. 

Helophorus rugosus may do a certain amount of damage to 
the roots of cruciferous crops, such as turnips ; but it has also 
been found feeding on the larvae of Ceuiorrhynchus, a species 
of weevil, which forms galls in turnips. 

Heterocerid^. 

Small, densely pubescent. Antennae with seven -jointed 
club. Head large, sunk into prothorax as far as eyes. 
Labrum and mandibles projecting forward. Tarsi four- 
jointed ; legs armed with spurs. 

A family of one genus, comprising some 100 species which 
have a wide distribution, the majority, however, inhabiting 
temperate regions. India, Cuba, and Australia have a few 
representatives. 
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They average in size about 6 mm., and are oblong-oval in 
shape. They are clothed with a greyish pubescence, amongst 
which longer hairs are dispersed. The elytra are often marked 
with red or yellowish bands or spots. 

The head is large, the fore part rather j^rominent, while the 
basal part is sunk into the thorax as far as the eyes, which are 
half concealed. The antennae are short and from the third 
joint gradually thicken into an oblong club. The thorax is 
well defined and does not fit very closely to the elytra which 
completely cover the abdomen. The legs are moderately 
long and stoutly built, the tibiae being broad, toothed and well 
adapted for burrowing. The tarsi, which by some authors are 
said to be five- jointed, are capable of being doubled back 
against the tibiae when digging operations are in progress. 
The abdomen possesses at its base on each side a raised, curved 
line against which the posterior femora are said to rub, pro- 
ducing a sound, on occasion of alarm. 

The larvae are of curious form, having a large head with well- 
developed mandibles and small eyes ; a thorax which greatly 
exceeds the head in width, and an abdomen much narrower 
than the thorax, with a slight taper towards the apex, which 
])ears a small pseudopod. The legs are short. The entire 
surface is thickly pubescent. 

Both larvae and adults live by ponds, ditches, or streams, 
where they excavate galleries in the soft mud. Their move- 
ments are somewhat sluggish ; but they will sometimes fly if 
disturbed. They are presumed to be predaceous ; but it is 
also thought that they live on the mud of their burrows. 

A list of the species will be found in the Berlin Catalogue. 
There are eight British species dealt with by Fowler. 


(c) SERRICORNIA 

Dascillid.®: (Psephenidee, Cyphonidm), 

Antennae usually serrate, eleven -jointed, in front of eyes. 
Tarsi five-jointed. Anterior coxae with large, distinct 
trochantin. 

A small family of wide distribution. 

These beetles are from small to moderate size, oblong-oval 
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in shape, dull of colouring, and often clothed with a thick 
pubescence. 

The antennae are as a rule serrate and inserted just in front 
of the eyes. The mouth-parts are rather peculiar, inasmuch 
as the outer lobe of the maxillae is divided into two long laciniae 
which project beyond the inner lobe. The labium also is 
divided. The legs are of moderate length, and the anterior coxae 
have quite a distinct trochantin. The tarsi are in some cases 
provided beneath with membranous lobes. 

The larva of Dascillus, as described by Gahan, is short, 
broad, and somewhat stout, narrowing slightly towards the 
apex. It has a large head with strong mandibles well adapted 
for crushing. The four- jointed antennae are short. The 
legs are fairly long. It is believed to live under the ground 
in the roots of plants. The adult insect is usually found on 
flowers, Umbelliferae in particular. 

The family has been listed by Pic in the Berlin Catalogue. 
There is only one British species. 


HELODIDiB, 

Small, delicate, soft integument. Antennae filiform, 
slender. No trochantin on anterior coxae. Larvae have long 
antennae. 

A family of some 500 known species, found in most parts 
of the world. 

These beetles are small, oblong-oval in shape and usually 
of a pale or brownish testaceous. They are often pubescent. 
The head is of moderate size; the eyes prominent and the 
antennae filiform, except in the males of a few species, in which 
they are serrate. The mandibles are in some cases curved and 
pointed, in others short and blunt. The elytra cover the 
abdomen and, as is the case with the whole integument, are 
of flimsy structure. The anterior coxae, unlike those of the 
Dascillidce, to which this family is allied, do not possess a 
trochantin. The posterior legs of some species are formed for 
leaping. 

The larvae, which are short, broad, and somewhat onisciform 
in appearance, have antennae which are in nearly all cases long 
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and many jointed. The legs are short. The sides of the body 
are fringed with short cilia. The larvae of the genus Helodes, 
which live on aquatic plants, only possess abdominal spiracles 
and breathe by taking down a bubble of air at the posterior 
end of the body. The larvae of all species are more or less 
aquatic, some living on bushes over streams and entering the 
water on occasion, others being found in the water accumulated 
in the hollows of trees. Some species are considered to be 
carnivorous. The adults arc chiefly found on herbage in 
marshy places. 

Tournier has described some of the larval habits, and a list 
of the species will be found in the Berlin Catalogue. Fowler 
mentions the fourteen British species. The family is not of 
economic interest. 


Rhipiceridje. 

Large. Antennae flabellate, or pectinate in males. Tarsi 
five-jointed, setaceous onychium. Anterior coxae contiguous, 
with a trochantin ; intermediate pairs separate. 

A family of some 200 species widely distributed throughout 
tropical countries. 

They are all large fine-looking insects, elongate in shape and 
easily recognizable by theit conspicuous antennaj. The head 
is large and the eyes fairly prominent. The antennae of the 
males bear very long processes and in some species have a great 
many joints ; the females have serrate antennae. The abdomen 
is entirely covered by the elytra. The anterior coxai bear a 
large trochantin. The five-jointed tarsi have a broad, hairy 
onychium extending between the claws. 

Little is known as to the life-history. Schiodte has described 
the larva of one species, Callirhipis dejeani, as being much 
larger than the adult insect, cylindrical, with a curiously 
truncate apical segment. It is said to live in wood. The 
adult* insects are found on plants, trees, etc. ; the species of 
the genus Sandalus are said to frequent cedars. 

Leconte and Horn have made observations of several species, 
and the family has been listed by Csiki in the Berlin Catalogue. 
There are no British species. 

M 
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Cantharid^ {Telephoridce^ Malacodermidce), 

Usually elongate . Body loosely jointed . Antennae usually 
filiform or serrate, eleven -jointed. Tarsi five-jointed. 
Seven or eight visible sternites. Trochantins of fore coxae 
distinct. Some females wingless. 

This family is made up of four groups: the Lycince.Lampyrince^ 
Cantharince and Driiince, which are considered by some authors 
to be separate families ; but it seems more reasonable to 
place them under one heading. Sharp classes them together 
under the name Malacodermidce. The total number of species 
as at present known amounts to over 3,000. They have a 
wide distribution in both temperate and tropical regions. The 
majority of the Lycince belong to the tropics, as do perhaps 
the greater portion of the Lampyrince and Drilince ; the Can- 
tharince chiefly inhabit temperate countries. 

They vary in length up to about three-quarters of an inch, 
and are all more or less elongate, with soft integument, and 
as a rule quietly coloured, although quite a number of species 
are bright red or yellow. A flattened form of body is character- 
istic of them. The head is usually somewhat concealed by 
the pronotum, and carries eleven- jointed antennje, generally 
filiform or serrate, but in some cases flabellate or plumose. 
The mandibles are of the predaceous type, but not very strong. 
There is a large, rather flat pronotum, which nearly conceals 
the head and loosely fits the elytra, which are weak and not 
closely adapted to the abdomen. There are seven or eight 
visible ventral segments. The legs are moderately long and 
slender, with five-jointed tarsi. The females of a number of 
species have neither wings nor elytra, and remain larviform, 
in such cases often being luminous. Many of the males have 
much larger eyes than the females. 

The Lycince in many cases have dilated and leaf -like elytra. ' 
They are found most commonly on the flowers and leaves of 
plants. The larvse are flat, narrowing in front and behind, 
with short thoracic legs and a chitinous apical segment termin- 
ating in two horny, curved processes. Both larvsc and adults 
are carnivorous. 

The Lampyrince are nocturnal and generally found in grass 
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and low herbage. The well-known ‘‘glow worms’’ are con- 
tained in this group. The males, which attain to ordinary 
beetle-shape, are not remarkable, except that many of them 
possess to a greater or less degree the power of giving light. 
The females, however, remain larviform, so much so that it is 
often difficult to distinguish the larvae from adult females. The 
“glow” shed by the females emanates from the underside 
of the apex of the abdomen, and is sometimes very bright. 
Its function is presumably to serve as an attraction to the 
males. The Lampyrinm are carnivorous, many of them feeding 
on snails. 

The CanthariruB are all narrow, elongate insects, with deli- 
cate integument. Both the sexes attain true beetle form. 
The genus Cantharis contains the well-known “ soldier 
beetles ” which may be seen during the greater part of the 
summer, resting on plants and flower-heads, particularly the 
Umbelliferae. The larva3 are elongate and velvety, with a 
flattish head and short antennsc. There is a sort of proleg 
on the anal segment, but no cerci. Both larvae and adults 
are carnivorous. The larvae live in grass or under loose 
bark. {Cantharince are usually known as Telephormce,) 

The Drilmce are somewhat small insects. The female of 
Drilus flavescens is a long, larviform, hairy creature with 
twelve segments, the last terminated by a round appendage 
and two short processes. The male is much smaller than the 
female, and has long, pectinate antenna*. The larva is very 
much like the female ; it eats snails, pupating in the empty 
shells. 

The Larnpyrince and Drilince have been listed as separate 
families by Olivier in the Berlin Catalogue, and the former 
was monographed by the same author in Gen. Ins. Ease. 53 
(1907). A paper has been written on the Drilince by Bayford, 
1906. There are also papers by Gorham, Bourgois, and 
Waterhouse. 

The British species number fifty-nine, and are listed by 
Fowler. 

No members of this family have been recorded as pests. 



164 


MANUAL OF ENTOMOLOGY 


Melyrid^. 

Like Cantharidae, but abdomen with only six sternites. 
Claws often furnished with a membranous appendage 
beneath. 

This family contains a large number of species of wide 
distribution, although chiefly in temperate regions. 

They are variable in shape, some being rather short and 
broad, while others are much longer and narrow. Usually 
their colouring is bright, blue or green with red or orange 
markings being characteristic. 

The head is of moderate size and is well produced in front 
of the eyes. The antennae, which are either filiform or serrate, 
are inserted on the sides of the frontal part, except in the genus 
Malachius, in which they are more between the eyes. There 
is quite a distinct labrum. The members of the sub-family 
MahcMincB possess curious, fleshy vesicles at the sides of the 
thorax and abdomen : these vesicles are capable of being 
extended and contracted and it is probable they emit an 
offensive odour. The elytra of some species cover the abdomen 
while in others the apex is left slightly exposed. The abdomen 
has only six visible ventral segments, which character forms a 
distinguishing feature between this and the preceding family. 
The legs are long and slender and are provided beneath the 
claws with a membranous lobe or pad-like appendage. The 
integument is as a rule weak, but tends to hardness in some 
forms. The larvae of several species have been described by 
Perris. They are all much alike, elongate and sublinear, 
slightly narrowed in front and behind, with a rather long, 
narrow, hairy head and single long setae at the sides of the 
abdominal segments. The legs are comparatively long. The 
head and the last segment, which terminates in two chitinous 
and somewhat hooked processes, are dark, while the ground 
colour of the rest of the body is pale or livid rose with spots 
or patches on the front parts. 

The adults frequent flowers with the exception of a few 
species which live in rotting wood. There seems to be some 
doubt as to their food habits ; but it is probable they are carni- 
vorous, although they are said in some cases to consume parts 
of flowers. Fowler lists eighteen British species. 
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CCERIDyE. 

Antennae clubbed, dentate or flabellate. Tarsi five-jointed, 
joints tw^o to four furnished with lamellae. Head and thorax 
narrower than elytra. Body cylindrical, sides parallel. 

A large family of over 2,000 species, the majority of wliieli 
are found in tropical countries, although there are a consider- 
able number of representatives in temperate regions. 

These beetles show much variation in shape, colour and size, 
some being short and moderately broad, while others are long 
and narrow. They are all somewhat small. As regards 
colour, although a few species are somewhat dull and obscure 
in appearance, by far the greater number are brightly coloured, 
many showing a warning type of coloration, while others 
very successfully mimic other insects. 

The head and eyes arc prominent ; the anteniue of some 
species are simple ; but in others may be clubbed, s(‘rrate or 
flabellate ; they are inserted laterally on the front portion of 
the head. The prothorax is distinct. I'he elytra are much 
broader than the head and thorax and completely cover the 
abdomen. Wings are functional and often used. The legs 
are moderately long and built for running. They are fur- 
nished beneath the 2-4 tarsal joints with membranous 
appendages. 

The larvae of these beetles are elongate and as a rule reddish- 
brown or pinkish with various markings. They are usually 
fairly pubescent and have corneous plates on the thorax 
and last abdominal segment, which last often bears two short, 
projecting processes and a short anal appendage. 

The adults are found in various situations : on flowers, grass, 
tree-trunks, etc., in carcasses and amongst dried animal matter. 
Some are predaceous on other insects. The larvae are also 
predaceous and very active, many species preying on the 
larvae of wood-boring insects, particularly the Anobiids and 
Scoiytids, entering the burrows to reach them. The larvae 
of Trichodes are known to destroy the larvae of various bees. 
Locust egg-masses also are parasitized by some species. 

The family has been monographed by Schenkling in the 
Genera Insectorum, Ease. 13 (1903) ; it has been listed in the 
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Berlin Catalogue. There are only nine British species as 
described by Fowler. 

Necrobia rufipes is said to be /destructive to dry animal 
matter in houses, and N. ruficollis attacks dried fish in India. 


LYMEXYLONIDiE. 

Elongate. Antennae long, serrate or sub -filiform, eleven - 
jointed. Legs slender ; tarsi five-jointed, filiform, first and 
fifth joints longest. Integument soft. 

A family of from thirty to forty species occurring in most 
parts of the world. 

They are elongate, narrow insects, in colour black or brown 
testaceous. Some species exhibit a most abnormal form of 
Coleoptera. 

The h^ad is of moderate size ; the short antennse are inserted 
on the sides and are usually sub-filiform in the male and serrate 
in the female. The maxillary palpi of the male are curious, 
being large and flagellate. The legs are of moderate length 
and slender, with the tarsi longer than the tibiae. The elytra 
of most species more or less cover the abdomen ; but in the 
genus Atractocerus they are very truncate, the large wings not 
being folded, but extending out on each side. Usually there 
are six visible sternites ; the species of Atractocerus have eight. 
The integument generally is soft. 

The larvae are curious in having the prothoracic segment 
enlarged and raised into a sort of hump. The last segment 
in some species has a long, pointed process, and in others a 
curious lobe-like structure. 

Both larvae and adults frequent timber, boring cylindrical 
tunnels through the wood. Lijmexylon navale has been known 
to damage ships’ timbers in this way, and is found in piles in 
water. , 

Lameere has done some work of note on this family, which 
has been listed in the Berlin Catalogue. 

There are two British species. 

The family is not of econoniic importance. 
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ANOBiiDiE {Ptinidm). 

Antennae nine- to eleven -jointed, often with feeble, three- 
jointed club. Tarsi five -jointed, first joint longer than the 
second. Head retractile into prothorax. 

A family of some 1,400 widely distributed species, some 
species being almost cosmopolitan. In some classifications 
the Anobiidee and Ptinidee are placed as separate families ; 
but it is difficult to say where the distinction lies. 

They are all small beetles, but vary somewhat in shape, from 
oval-oblong to cylindrical and globular. The majority arc 
obscurely coloured and pubescent ; others are glabrous and 
shining. 

The antenna) are variable, being long and filiform and 
inserted on the frons in the Ptinids, and shorter, serrate, or 
sometimes feebly clubbed, and inserted on the margins of the 
eyes in the Anobiids. The head is in many cases retractile 
into the prothorax ; but in some species it is broader than the 
thorax. The elytra cover the abdomen, which has five 
visible ventral segments. The legs are long, with five-jointed 
tarsi. 

The larvae of both groups have much the same appearance, 
and are small, whitish, fleshy grubs, with curved bodies, 
causing them to resemble Lamellicorn larvae. They have 
short antennae and three pairs of short legs. The habits of 
many of the larvae are of economic interest inasmuch as they 
bore into timber, furniture, and devour dried farinaceous 
matter, books, drugs, tobacco, etc. They bore long tunnels, 
doing much damage, and pupate in cocoons in the tunnels. 
The larvae and adults of many species live in decaying wood, 
while others are found among seeds or in vegetable or animal 
matter. 

Pic lists the species of the Anobiidee and the PtinidcB as 
separate families in the Berlin Catalogue. 

The thirty-one British species are dealt with by Fowler. 

Among the Anobiids there are several of economic import- 
ance. Anobium striatum is the well-known ‘‘death watch’* 
beetle which lives in old furniture and makes the clicking 
noise which has given rise to various superstitions. A, 
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paniceum is a cosmopolitan insect occurring in bread, biscuits, 
and occasionally in skins. Xestobium tessellatnm does serious 
damage by honeycombing the beams and rafters of old build- 
ings. Lasioderma testacea, in both larval and adult stages, 
does much damage to cured tobacco in all forms. 


Bostrychid^. 

Cylindrical. Head usually deflexed, covered by the hood- 
shaped pronotum. Antennae eleven -jointed, with three - 
jointed club. Tarsi five -jointed, basal joint small, second 
and fifth long. Tibial spurs distinct. Five equal visible 
sternites. 

Some 200 species are contained in this family, which has a 
wide distribution throughout the world. 

In size the species vary greatly, for although the majority 
are somewhat small insects, others are known to attain the 
length of two inches. They resemble the Scolytidce, being 
oblong and cylindrical in form. Their colouring is dull black 
or dark brown. Some species are slightly pubescent. 

The head is, in nearly all cases, deflexed, and covered by the 
curious, hood-shaped pronotum. The antennae are short, 
with a three- jointed club, but are not elbowed. The mouth- 
parts are well developed, with strong mandibles. In some 
species the front of the pronotum is toothed or roughened. 
The apex of the abdomen in some cases is rounded ; but in 
others it terminates in a flat slope on which are hard tubercles. 
The legs are short, with the femur and tibia some what broadened. 
The tibiae bear distinct spines. The tarsi are five-jointed, the 
first joint being small and in some eases very minute. 

The larvae are soft and white, tapering slightly towards the 
apex, which is curled round underneath. They have strong 
mandibles and well-developed legs, which last is a feature 
absent in the Scolytid larvae. Eyes are wanting. 

Both larvae and adults live in wood, boring tunnels and 
feeding on the wood. The larvae pupate in the tunnels, but 
do not make a cocoon. The length of the life-history varies 
according to climate, as many as three broods a year being 
gone through in tropical regions. 
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The beetles are subject to attack from other beetles, which 
seek them out in their tunnels. Some species of Histerids 
and Clerids are foremost among the attackers : a Colydiid has 
also been known to prey on them. 

The family has been monographed by Lesne, 1903. 

Fowler lists the three British species, one of which occurs 
in old flour, biscuits, and casks, etc., probably having been 
imported. The other two are extremely rare. 

Several of these beetles are serious pests, inasmuch as they 
attack cut timber and dried wood. Considerable damage is 
done by bamboo-boring species in the tropics. Rhizopertha 
2msilhy an almost cosmopolitan species, is a household pest 
in grain, biscuits, etc. The other genera containing economic 
species are : Apate, which attacks the Avocado Pear ; Xylo- 
pertha, which attacks cacao and fig ; Bostrichns, pests of vino 
and orange ; and Sinoxylon in apple, peach, etc. 


Lyctii)^. 

Like Bostrychidae ; but club of antennae two -jointed. 
First sternite elongate. 

This is a small but widely distributed family. 

They are narrow, elongate insects, somewhat depressed on 
the upper surface. Their colouring is dark brown, yellowish 
brown, or blackish. 

They are closely related to the Bostrychidee, but differ in 
having a two- jointed antennal club, and the first ventral 
segment of the abdomen elongate. The head is of moderate 
size, the eyes are prominent, and the antennae are short, with 
the club only two-jointed. The mandibles are well developed. 
The elytra completely cover the abdomen. The legs are slender 
with five-jointed tarsi, which, like the Bostrychids, have the 
first joint very small. There are distinct tibial spurs. The 
upper surface is more or less pubescent. 

Alteon has recently published work on Lyctus, and has 
shown that in development only part of the egg is ab- 
sorbed, the larva eating the balance of the yolk as its first 
meal. 

The larvae are very similar to those of the Bostrychids. They 
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live in wood, particularly old stumps, posts, etc., and are also 
often found in both freshly cut and worked timber, especially 
hard woods such as mahogany and walnut. They enter the 
timber by one of the worked ends and tunnel some distance 
in, leaving the tunnels blocked up behind them. In this 
country only one brood a year is gone through. Lameere has 
done some work on this family. Fowler lists the two 
British species. 

These beetles often do serious damage to stored and worked 
timber, such as posts and beams, and the handles of shovels, 
picks, etc. They are considered to be some of the most harm- 
ful of timber pests. 


SPHlNDIDiE. 

Minute. Oblong or globular. Antennae ten-jointed, first 
two joints thickened, last joints forming elongate club. 
Tarsi heteromerous. Five free visible sternites, the first 
largest. 

A family of only a very few species found in North America 
and Europe. 

They are very small obscurely coloured beetles, oblong and 
somewhat cylindrical in shape, in general appearance resembling 
the Gioidw, 

They have rather short heads produced in front of the eyes 
and bearing antennae which have an elongate club formed by 
the last three segments. The eyes are somewhat prominent. 
The elytra completely cover the abdomen. The legs are 
slender and of moderate length, with five- jointed tarsi on the 
front and middle legs and four-jointed in most cases on the 
hind pair, this being a characteristic, separating from the 
Gioidm. 

The larvae are elongate with short legs and short antennae. 
The segments bear lateral hairs. The pupa of Sphindus dubius 
has a long, narrow, tail-like process. Both stages are fdund in 
powdery fungi on trees. 

Horn has done some work on this family. 

There is only one British species, the above-mentioned 
Sphindus dubius. 
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ClOIDiE. 

Minute. Cylindrical. Antennae eight- to ten-jointed, with 
three-jointed club. Tarsi usually four-jointed, the first 
small and the last long. 

A widely distributed family of between 200 to 300 species. 

They are cylindrical and very small, generally dark brown 
or yellowish in colour. 

The head and anterior portion of the thorax of the males is 
often furnished with small, horn-like processes. The antennae 
are inserted under the margins of the fondiead. The elytra 
completely cover the abdomen. The legs are rather short ; 
the last joint of the tarsi is much longer than the first three 
together. Generally the thorax and elytra are pubescent. 

The larvae are white, cylindrical and somewhat curved, the 
last segment bearing a pair of short hooks and also a short 
process acting as a pro-leg. The thoracic legs are long. The 
pupa also possesses the curved apical spines. 

Both larvae and adults live in corky fungous growths or in 
decaying, fungoid wood. 

A list of the species can be found in the Berlin Catalogue, 
Part 30. Fowler deals with twenty-one British species. 


BuPRESTIDiK. 

Mostly brilliantly metallic. Head short, vertical. 
Antennae short, serrate, eleven -jointed. Tarsi five-jointed, 
basal four with pads. Prosternum produced back into 
mesosternum. First two sternites connate. 

A large family of some 5,000 species, widely distributed 
throughout the world, by far the greater number, however, 
occurring in tropical regions, the smaller and less conspicuous 
being found in temperate countries. 

They are all elongate insects, broadest across the base of the 
abdomen and tapering slightly towards the apex. They vary 
much in size, some being less than a quarter of an inch, while 
many are as much as two inches long and of robust build. The 
colouring in the majority of cases, and especially in the larger 
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forms, is very conspicuous, being brilliantly metallic, ranging 
from bronze-black to beautiful greens and blues. Some 
species have spots or bands of a different colour; but true 
warning coloration is not noticed in this family. The venter 
of many of these beetles is also brilliantly coloured. 

The head is short, vertical, and sunk into the thorax as far 
as the eyes. The mouth-parts are short and of the herbivorous 
type. The antennae, which are inserted on the front, are 
serrate and rather short. The thorax closely joins the abdomen, 
which is completely covered by the well-fitting elytra. The 
prosternum is prolonged into a process behind, fitting into a 
mesosternal cavity. The legs are short, with five- jointed 
tarsi, the first four joints having membranous pads beneath ; 
the legs are concealed under the body when not in use. The 
wings are large and often used. The elytra of some species 
are smooth, of others deeply sculptured. There is not much 
difference in the external appearance of the males and females. 

The larvse are very curious in form : the head is very small, 
with very short antennae and short, strong mandibles. The 
thoracic segments, especially the prothorax, are greatly 
enlarged, having a swollen appearance. The abdomen, 
consisting of nine segments, is long and narrow. The legs 
are either very rudimentary or totally absent. These larvae 
live under bark or make borings in wood and plant stems, or 
mine in leaves. The swollen nature of the thorax is brought 
into use as leverage to aid the larva in its progress along the 
borings. Pupation takes place in the bore, which is closed 
by debris, no actual cocoon being formed. 

The length of the life-history varies, some of the large species 
taking one year to go completely through, while some of the 
smaller species may have several broods during the year. 
They have been found in hibernation both as adults and 
larvse. There are several Hymenopterous parasites. 

The family has been monographed by Kerremans in Genera 
Insectorum, Fasc. 12 (1903). There is also a good deal of 
economic literature. ^ 

The ten British species are listed by Fowler. 

There are a considerable number of species of economic 
importance as pests of plants like cotton, jute, groundnut; 
fruit trees such as mango, guava, orange, apple, pear, cherry. 
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and plum, and also various bush fruits. Much damage is often 
done to forest trees. Genera containing species of economic 
interest are : Agrilus, Belionota, Caioxaniha, Chrysoboilins, 
B^iprestis {Dicerca), Sphenoptera and Stignwdera. 

ELATERIDiK. 


Click beetles. 

Antennae filiform, serrate or pectinate. Tarsi five -jointed. 
Legs retractile. Prothorax with hind angles produced 
backwards. Prosternum produced back into mesosternum. 
First two sternites not connate. 

This is a large and well-known family containing from two 
to three thousand very widely distributed species. Several 
authors have thought it reasonable to 
place some of the various sub-families 
as separate families ; but as they 
have so many characters in common 
it is justifiable to class them all 
under one heading. 

They do not show much variation 
of form, all being more or . less 
elongate, narrow and somewhat 
depressed. They range from quite 
small insects to ones over an inch 
in length and of robust build. In 
many cases, especially among the 
larger forms, they are brightly 

coloured ; others are brown or yei- ^s.-Mhtrr hjihrop. 

lowish in tint, and many are entirely terns, (x 4 .) 

black. 

The head is small, somewhat sunk into the prothorax and 
bearing mandibles, bifid at apex ; round, but not very promi- 
nent eves, and antennae of moderate length, which are in some 
cases nliform, and in others serrate or pectinate. The pro- 
thorax is large, with the hind angles produced sharply back- 
ward, more strongly in some species than in others. The 
prosternum is produced into a spine-like structure behind, 
fitting into a cavity in the mesosternum. It is this structure 
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which gives the power of leaping, accompanied by a sharp 
clicking sound, possessed by many of these beetles : hence the 
name of click beetles ’’ as popularly applied to them. The 
mesosternum is short and the metasternum is, as a rule, long. 
There are five visible ventral segments. The elytra are neatly 
adapted and with few exceptions completely cover the abdomen. 
A few females are known in which the elytra are slightly 
abbreviated. The legs are slender and of varying length, 
but are never very long ; they are often retractile. The tarsi 
are five-jointed, with simple, toothed or pectinate claws. 

The chief sub-families are the EucnemincBy the Elaterince, the 
Cebrionincey the Perothopince and the CeropJiytince, The last 
two are made up of one genus each. Perothopince is considered 
by some people to be better included with the Eucnemince ; 
but with Cerophytince can be separated by the fact of the very 
long trochanters of their middle and posterior legs. The 
Eucnemince are rather more cylindrical than the rest of the 
family and many of them possess the above-mentioned power 
of leaping. Their larvse, although resembling in many respects 
the other Elaterid larvae, are legless, with very rudimentary 
mouth-parts and antennae, and have no ocelli. The head bears 
on its front some very hard, sharp teeth, which presumably 
aid the larva to bore into the soft, rotting wood in which it lives. 
Judging by the form of what little mouth-parts it has, its food 
is very possibly the juices of the rotting wood. 

Among the Elaterince are many of the largest forms known, 
including the Pyrophorince,, occurring in the tropics, and to 
which the name fire-flies have been given, owing to a light 
emanating from the two dull yellowish spots near the posterior 
angles of the thorax. Nearly all the Ehterince can jump, and 
are the typical ‘‘click beetles.’' Many of their larvae are 
notorious as being the so-called “ wire- worms ” which do con- 
siderable damage to the roots of wheat and other crops of a 
similar nature. They are elongate and cylindrical, with 
extremely tough skins, a small head, short thoracic legs^and a 
variable last segment, which may be sinuate at the sides, with 
the apex simple or divided into a pair of toothed processes. 
In the adults of some of the big species (Ahus) there are on 
the pronotum large, round markings like bright eyes. All of 
them cannot be denounced as crop pests, as many species live 
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in decaying wood, and others are carnivorous. Many of them 
remain as larvae for a considerable period, sometimes several 
years. 

The Cebrionince are least of all like the rest of the family, 
and some of them are more like Lamellicorns. They do not 
possess the power of jumping, their legs being more of the 
digging type, with well-developed tibial spurs. Their larval 
stage is passed in the ground from which the winged males 
emerge in due season ^ but the females are wingless and remain 
in the ground, with only the posterior end of their bodies 
protruding. The larvae have no anal processes and their 
anterior legs are shortened. 

The adults of the Elateridce, in general, occur in many situa- 
tions : in grass, on flowers and foliage, in rotting wood, or under 
bark. Many only appear at night, while others are diurnal 
of habit. 

Schwarz has monographed the family in Genera Insecioruni, 
Ease. 46 (1906), with the exception of the Cebrionince, which 
has been monographed in Ease. 127 (1912) as a separate 
family by Dalla Torre, who also lists the species in the Berlin 
Catalogue. Candeze has described many species, particularly 
the Indian ones. 

Eowler lists the sixty-two British species. 

Some species of the Elaterinm are of economic importance, 
owing to their larvae, the well-known “ wire-worms ” being 
destructive to the roots of wheat and similar crops. These 
species are contained in the following genera : AgrioteSy AthouSy 
Limonius and MeJanotus, The only known method of control 
is to plough in a crop of mustard before sowing the cereal 
crop, and they are not usually pests of cultivated land, but 
of newly broken pasture. 

Throscid^ {Trixagidee). 

Very small. Prothorax closely articulated with meso- 
thorax^ Front coxal cavities closed behind by mesosternum. 
General appearance otherwise like Elateridae. 

A small family containing about 150 species, mostly occurring 
in Europe and America, in which countries they are widely 
distributed. A few species are found in tropical regions. 
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In general appearance these beetles resemble the Elaterids. 
They are very small, seldom exceeding 3 mm, in length, and 
are usually somewhat obscurely coloured. 

The head is sunk into the thorax as far as the eyes, which are 
hairy and emarginate. The antennae are inserted on the front 
and can be concealed in grooves beneath. They are usually 
serrate ; but in some species may have a loose, three-jointed 
club. The thorax is closely applied to the abdomen, which is 
completely covered by the elytra. The prosternum has a flat 
elongation behind, fitting into a groove in the mesosternum. 
There are five visible ventral segments ; but the first two are 
not connate as in the Elaterid(e. The legs are short and re- 
tractile, the tarsi five-jointed with one or more joints having a 
membranous lobe beneath. These beetles do not possess the 
power of jumping. 

Little seems to be known of the life-history. The adults 
are found at the roots of grass, in vegetable refuse and dead 
wood or on plants. Fowler has listed the four British 
species. 


(d) HETEROMERA. 

Anterior tarsi five-jointed, hind tarsi four-jointed. 

Tenebrionid^. 

Antennae under a projection at the side of the head. Tarsal 
claws simple. Five visible sternites. 

This is a huge family containing well over 10,000 species. 
They have a wide distribution, and are perhaps most abundant 
in the North African and Mediterranean regions. 

The great majority of them are ground-living insects of 
sombre colour and varying size, some being only a few milli- 
metres, while others are nearly two inches long, and of robust 
build. The head is of moderate size, with strong mandibles 
of the herbivorous type. The antennse are short, eleven- 
jointed and of variable form. The whole body is of compact 
build and somewhat hard. The elytra are close-fitting, and 
in many cases soldered together, wings being absent, or 
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practically so. Some species have large wings. The legs are 
of moderate length and enable some species to move with 
great speed. In a few cases the males have erect horns on the 
head, but to what use they are put, is unknown. Other males 
may be distinguished by the presence of a tuft of hair on the 
abdomen, or the dilation of the tarsi. 

The larvae, which greatly resemble one another, are elongate 
and cylindrical, with brown, leathery integument. The apical 
segment of the abdomen bears two hooks and a short, retrac- 
tile process. The thoracic legs are of moderate length. The 
pupae are rather broad compared with the larvae and bear 
two short cerci and a series of projections from the sides of 
the abdomen. The majority of 
the larvae and adults only appear 
at night, and act as scavengers, 5: 
feeding on vegetable waste, j^***^- 
They prefer dry situations and 
are frequently found in sandy 
places, and are abundant in 
desert areas. Loose bark, 5 

thatched roofs, fallen leaves, etc., 
are the sort of places which 
afford shelter for these beetles. 

Some species live in houses : for 

instance, the big, dull-black 49._//,top, .triatus (Tene- 
beetle belonging to the genus brionida^) (3^ times nat. size). 
Bhps, and known in this country 

as the “ cellar beetle,” Tenebrio moliiOTf the cosmopolitan 
“ meal beetle ” and its larva the “ meal worm,” infest gran- 
aries, feeding on the stored grain and flour : sometimes doing 
considerable damage. 

A number of species show themselves during the day, and a 
few are more brightly coloured. Gebien lists the family in 
the Berlin Catalogue. 

Schiodte has figured the larvse and pupae of several species. 

Therft are thirty British species, listed by Fowler. 

As well as the grain-infesting Tenebrio molitor , a few other 
species have proved themselves to be injurious : the adults 
and larvae of some species of the genus Opatrum attack the 
roots and shoots of potatoes, grain and groundnut. Other 

N 
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genera containing species of economic interest are : Eleodes 
and Omophlus, which attack cereals, and Holaniaria^ attacking 
cane ; to some extent these genera and Opatrum replace in the 
tropics the wire-worm pests (ElateridcB) of temperate regions. 
Tribolium includes species found commonly in stored grain, 
flour, etc. ; it is very widespread, probably quite harmless to 
grain, in which it may occur abundantly. 

iEoiALITID^. 

Head prominent. Eyes small. Six visible sternites. 
Tarsi , with exception of last joint , pubescent beneath . Claws 
simple. 

This family is comprised of four species found in Alaska 
and California. 

It is thought by some authors that these beetles should be 
included with the Tenebrionidee ; others have considered 
placing them with the Dryopidee or Pythidee, 

They are small insects. The head is prominent and the 
eyes are small. The eleven- jointed antennae are inserted 
under small ridges on the front. There are six visible, ventral 
segments, the last one only having the tip showing. The 
coxae are all widely separated. The tarsi, with the exception 
of the last joint, are pubescent beneath. 

The earlier stages are not yet known. 

There is a list of the speeies by Brochmann in the Berlin 
Catalogue. 


LAGRIIDiE. 

Prothorax cylindrical, narrower than base of elytra. 
Anterior coxae projecting, conical and contiguous ; cavities 
closed behind. Five visible sternites. Legs slender, claws 
simple, penultimate tarsal joint bilobed, pubescent. 

This family is allied to the Tenebrionidee and contains about 
550 widely distributed species. 

They are insects of moderate size, resembling in general 
characters many of the Tenebrionids, and are mostly of some 
inconspicuous colour. 
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The antennae are filiform and inserted on the front under 
small ridges. In some species the males have the head broader 
than that of the female. The prothorax is somewhat cylin- 
drical and is narrower than the base of the elytra, which 
completely covers the abdomen and is in many cases of a 
somewhat flexible nature and rounded at apex. The legs are 
slender and rather long. The anterior coxae differ from those 
of the Tenebrionids in being conical, contiguous and pro- 
jecting. The coxal cavities are closed behind. The penulti- 
mate joint of all tarsi is bilobed and pubescent beneath. The 
body generally is hairy. 

The larvae are very like those of the Tenebrionids, but are 
usually somewhat broader. The larva of Lagria a 

British species, has been described by Schibdte as being 
moderately broad and parallel- sided, with a small, short head 
and the last abdominal segment slightly bifid at apex. The 
legs are rather long. The pupa, as also described by Schiodte, 
is moderately long, with a broad, clavate process projecting 
from the sides of the abdominal segments, with the exception 
of the two last. 

The adults are found on foliage, in hedges, and sometimes 
under bark. The larvae live in soft, rotting wood, or under dead 
leaves, and arc more active than those of the TenebrionidcR. 

Borchmann has listed the family in the Berlin Catalogue. 
Lagria hiria is the only British species. 

Othniid^. 

Elongate. Antennae eleven -jointed, last three joints form- 
ing loose club. Head large, flat. Apex of abdomen exposed. 
Five visible sternites. Legs slender. 

This is another family of doubtful position, it being thought 
by some authors to belong to the lower forms of the Tene- 
brionidoe. There is only one genus, made up of sixteen species, 
occurring in Borneo, New Guinea, India, Ceylon, Japan, and 
Central ^Africa. 

They are elongate insects, with large, flat heads and loosely 
clubbed antennae. The elytra leave the apex of the abdomen 
exposed. The legs are slender. The integument generally 
is weak. 
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The earlier stages are unknown. The adults have been 
found on foliage, and are in all probability predaceous. 

The species are listed by Borchmann in the Berlin Catalogue. 

CiSTELiDiE (Allecnlidce). 

Like Tenebrionidae ; but tarsal claws pectinate. 

A family of over 1,000 species, all closely allied to the 
Tenebrionidce^ widely distributed, but mostly in temperate 
regions. 

They are usually oblong-oval in shape and of moderate size, 
with a fairly wide range of markings and coloration, some 
being plain black or brown and others brighter, with various 
spots or splashes. 

The only real structural difference between them and the 
Tenebrionidoe is the fact of their having the tarsal claws 
pectinate instead of simple. The antennae are long and of 
greater length in the male, which also has bigger eyes. 

The larva of one species, Cistela ceramboides^ is described 
by Westwood as being long, subcylindrical and scaly, with 
short, three-jointed antennae, and having the last abdominal 
segment conical and without cerci or processes. The larvae, 
generally, are found in decaying trees or under bark. The 
adults also occur under bark or in soft wood, but are some- 
times found on flowers. 

A complete list of the family by Borchmann will be found 
in Part 3 of the Berlin Catalogue. 

There are seven British species. 

No member of this family is of importance economically. 

Monommid^. 

Small, oval. Antennae eleven-jointed, with three-jointed 
club, received in grooves on prosternum. Head horizontal, 
prominent. Legs strongly retractile. Tarsi slightly pubes- 
cent beneath. 

This family, which is made up of two genera, contains some- 
thing over a hundred species. The majority of one genus occur 
in Madagascar, while the other is confined to the New World. 
One species is found in India. 
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They are small insects, oval in form and generally of dull 
colouring. 

The head is horizontal and somewhat prominent. The 
antennae, which have a three-jointed club, are received into 
grooves in the sternum. The legs are capable of being retracted 
and the tarsi are slightly pubescent beneath. 

The adults have been found under the bark of trees, where 
it is presumed they feed on the sap-wood. 

The family has been monographed by Thomson (1860). 

Nilionid;e. 

Hemispherical, resembling Coccinellidae. Head vertical. 
Prothorax leaf-like at the sides. Anterior coxal cavities 
apparently open behind. Tarsi filiform ; claws simple. 

The members of this family, which number from twenty to 
thirty species, occur in Central and Tropical America. 

In general appearance they resemble the Coccinellidw, being 
hemispherical. They are of moderate size. 

The head is vertical, and when in repose rests against the 
anterior coxae. The antennae are eleven- jointed, and inserted 
in front of the eyes. The prothorax is curiously leaf -like at 
the sides. There are five visible ventral segments. The 
anterior coxal cavities, being apparently open behind, is a 
character separating this family from the Tenebrionidw. 

These beetles are said by Lacordaire to be found walking 
about on fungi on tree-trunks and to feign death on alarm. 
He also says that they exhale, in common with other bole- 
tophagous beetles, a peculiar smell. 

The earlier stages are not known. 

Borchmann lists the family in the Berlin Catalogue. 

Petriid^. 

Elongate, slender. Antennae long, filiform, eleven -jointed. 
AnterJbr coxal cavities almost closed behind. Elytra 
dehiscent, not reaching apex of abdomen. Legs and tarsi 
long and slender ; claws simple. 

A family of but few species occurring in the Transcaspian 
region. 
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They are elongate, narrow, weak-looking insects, somewhat 
resembling certain of the Cerambycidce. The head is rather 
narrow and the thorax slightly cylindrical ; the elytra leave 
the apex of the abdomen exposed and are more or less dehis- 
cent. The wings are large. The legs are long and slender, 
with simple tarsi, a point in which they differ from their allies, 
the (Edemeridoe, which have the penultimate tarsal joint dilated. 

Of their habits and life-history nothing appears to be known. 

The species have been listed by Borchmann in the Berlin 
Catalogue. 


Elongate, slender. Delicate integument. Head narrowed 
behind, produced in front into a short rostrum. Antennae 
usually filiform. Prothorax narrowed. Penultimate tarsal 
joint bilobed, claws simple. Anterior coxal cavities wide 
open behind. 

This is a family of about 600 species, widely distributed in 
both temperate and tropical countries. 

They are elongate, narrow insects of moderate size, often 
brightly coloured and with a somewhat delicate integument. 
They have a superficial resemblance to both Ccrambycids 
and Malacodermids. 

The head is large, bent slightly downwards, produced into a 
rostrum in front and narrowed behind the eyes, which are in 
some cases very large. The mandibles are flattened. The 
antennae are long, very long in some species, generally filiform, 
but occasionally serrate. The thorax is narrower at the base 
than the elytra, which in nearly all cases completely cover the 
abdomen and have more or less strongly raised lines. There 
are five, free, ventral abdominal segments ; some males have 
a sixth visible. The legs are moderately long, with the femora 
in the males of some species thickened into a knob, and the 
tibia curved. The penultimate joint of the tarsi is bilobed. 

The larvae and pupae of some species have been described 
by Schiodte. That of (Edemera virescens is elongate and 
narrow, with a large head and the prothoracic segment larger 
than the other segments. The apex of the abdomen is rounded 
and simple. The legs are rather long. The pupa is long and 
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has a prominence on each side of the anterior portion of tlie 
thorax, and also possesses two short, curved cerci. The larva' 
generally feed on decaying wood ; that of Nacerde^s melanura, a 
British species, lives in piles driven in the sand of the seashore, 
and in old palings and decaying timber. The majority of the 
adults frequent flowers and herbage, while a few are said to be 
more often found on the ground near water. The family 
has been listed by Schenkling in the Berlin Catalogue. There 
are seven British species, which are listed by Fowler. The 
family does not contain any species of real economic import- 
ance. 


Pytiud.e. 

Head not constricted behind, sometimes produced into a 
rostrum. Prothorax narrowed at base. Elytra cover abdo- 
men. Tarsi slender. 

This family contains about 100 species, the majority of 
which occur in temperate regions ; a few are found in Chili, 
Madagascar, New Guinea, etc. 

They range from small to moderate size and are variable 
in shape, some species being elongate and much depressed, 
while others are more quadrate. Bright colouring is seen in 
many species, but several are of sombre appearance. Several 
authors consider them to belong to the Melandryidai ; but the 
fact of the pronotum being narrowed at the base, and the front 
of the head being sometimes produced into a rostrum, separates 
them from that family. 

The head is prominent and not constricted behind. The 
antennae are either filiform or have a slight thickening towards 
the apex. The thorax, as mentioned above, is narrowed at 
the base, while the elytra completely cover the abdomen and 
are rounded at apex. The legs are slender and of moderate 
length, with the tibiae bearing small spurs. There are five free 
ventral segments. 

Th5 larva of Pyiho depressus, a British species, is described 
by Fowler as being elongate, parallel-sided and glabrous, with 
a large, semicircular head ; the thoracic and abdominal segments 
of the same size and having a deep furrow running down the 
centre of all except the last, which narrows slightly and bears 



184 


MANUAL OF ENTOMOLOGY 


a pair of strong, incurved processes. This larva occurs under 
the bark of fir and pine. In some other species the larvae have 
a few hairs scattered about the integument. The adults are 
found under bark, in dead twigs, on fiowers, especially umbelli- 
ferous, and some species under stones. The larvae live under 
bark, in twigs, or in the stems and roots of plants. 

Fowler lists the eleven British species. 


Melandryid^. 

Head usually deflexed, not constricted behind eyes. 
Antennae usually filiform, eleven -jointed. Prothorax broad 
behind. Legs slender ; claws simple. 

This family contains about 200 species, nearly all of which 
are found in cold or temperate regions, very few being recorded 
from hot countries. 

They are from small to moderate-sized beetles, usually 
elongate and rather narrow, but varying somewhat in shape. 
They are dull of colour. 

The head is usually bent downwards and sunk into the 
prothorax as far as the eyes. The mandibles are rather short. 
The antennae are usually filiform, eleven-jointed, except in 
the genus Conopalpus, in which they are only ten-jointed. 
The thorax does not narrow at the base. The elytra completely 
cover the abdomen, which has five visible ventral segments. 
The legs are rather long and slender, with the claws simple. 

The larvae vary in form : that of Orchesia micans, a British 
species, is elongate and linear, with the head, legs and dorsum 
of thorax corneous. The head is rather large, but not as broad 
as the prothorax. The apical segment is narrower than the 
rest and does not bear any appendages. The pupa has the 
prothoracic shield dilated on each side, and at the apex of the 
abdomen has a bunch of rather sharp, slightly curved pro- 
tuberances. The larvae of Melandrya are elongate and cylin- 
drical, with a very large head, and the prothoracic se*gment 
larger than any of the others. The larvae of some other species 
have the last segment furnished with a pair of horny append- 
ages. 

With the exception of one genus (Osphya)^ both larvae and 
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adults live in rotting timber, fungi, or under loose bark. 
Osphya is found on flowers. There are twenty-one Britisli 
species, listed by Fowler. 


SCRAPTIIDiB. 

Small, delicate. Head raised, strongly constricted behind 
eyes . Antennae filiform . Eyes emarginate . Posterior tibiae 
as long as tarsi. Penultimate tarsal joint bilobed. 

This is a family of rather doubtful position : some authors 
placing it with the Melandryidce, while others consider it to be 
more allied to the Mordellidcc. It contains about eighty 
species, the majority of which occur in Europe and North 
America ; one has been found in Ceylon and three or four in 
Chili. All are as a rule somewhat scarce. 

They are small, delicate-looking insects, elongate and rather 
narrow, of dull colouring and usually pubescent. 

The head is much constricted behind the eyes and is raised 
higher than the prothorax. The eyes arc emarginate and the 
antennae filiform. The anterior coxal cavities are open behind 
and the posterior tibiae are as long as the tarsi, all of which 
have the penultimate joint bilobed. 

The larva of Scraptia fuscula, as described by Perris, is 
elongate and linear, with the last abdominal segment very 
long and covered with long, fine setae, but not bearing any 
processes. Both larvae and adults live in rotting wood or 
tough tree-fungi. It is considered very probable that Scraptia 
fuscula is to a certain extent myrmecophilous in both larval 
and adult stages. 

A list of the family will be found in the Berlin Catalogue. 
Two species only occur in Britain and arc dealt with by Fowler. 

MORDELLIDiE. 

Head vertical, ridged behind ; neck very small. Antennae 
elevQii-jointed, filiform. Posterior tibiae shorter than tarsi. 
Penultimate tarsal joint simple. Hind coxae laminate. 

Over 700 species are contained in this family, some of them 
very widely distributed, while others are found chiefly in 
Europe and North America. 
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They are small, with elongate, narrow, convex and some- 
what arched bodies. Most of them are black and covered 
with a silky pubescence. The head is vertical and very 
strongly constricted behind the eyes. The thorax is as wide 
at base as the elytra, which narrow behind and leave the tip 
of the abdomen exposed. There are five or six ventral ab- 
dominal segments, the apical one often being produced into a 
strong style. The legs are slender, with the posterior coxsc 
laminate and the posterior tarsi nearly twice the length of the 
tibiae, which bear long spines. Many species have the power 
of leaping, which is attributed to the formation of the tibiae 
and tarsi and the presence of the apical style. 

The larvae of some species are elongate and curved, with 
protuberances on the first few abdominal segments : these 
protuberances are also present in the pupa>. The form of the 
anal segment in the larva varies : in some cases bearing a 
strong style, and in others being deeply cleft. 

The majority of the adults frequent flowers, low trees or 
shrubs : some, however, arc found in decaying wood. The 
larvae of some species also live in rotting wood, where they 
have been found on occasion in the tunnels of xylophagous 
insects. Others live, and presumably feed, in the stems of 
plants. It is thought that a few species may be carnivorous, 
but as yet there is no definite proof. 

The family has been listed by Csiki in the Berlin Catalogue. 
Fowler deals with the nineteen British species. A species of 
Mordellistena is said to be injurious to sunflowers in Russia. 


. Rhipiphorid^. 

Humpbacked. Head vertical, resting against fore coxae. 
Antennae variable, flabellate or sub-serrate. Prothorax as 
broad at base as elytra, which are often dehiscent. Claws 
variable, pectinate, or toothed. 

This family is a small one of about 230 species. They are 
widely distributed throughout the greater portion of the world, 
the temperate regions having the majority of the species. 

They are very closely allied to the MordellidcBy from which 
family they are separated by rather indefinite characters. 
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They are all narrow and elongate in shape and arc usually of 
dull coloiu’ing. 

The head is vertical and sharply constricted behind the eyes. 
The antennae are variable in shape and differ in the sexes, 
being flabellate or pectinate in the males and serrate in many 
cases in the females. The thorax is as broad at the base as 
the elytra, and is often produced at the base into a lobe covering 
the scutellum. The elytra are narrow and ])ointe(l at the 
apex, and are in many cases strongly dehiscent, leaving the 
apical portion of the wings and abdomen exposed. The 
number of free ventral segments varies. The legs are long, 
with distinct tibial spurs, and toothed or })ectinate claws. 

The life-histories of some of these beetles are very interesting 
inasmuch as many of the larvae are parasitic on wasps, and in 
one case on cockroaches. The larva of Metivcns paradoxvs, 
the one British species, is in its early stages very similar to the 
Meloid larva. There seems to be some doubt as to how the 
young larva gain access to the wasps’ nests : whether the adult 
lays the eggs in the dead wood from which the wasps obtain 
their nesting material, and they thus get carried into the nest 
with the shavings, or whether the larva hatch out first and 
attach themselves to the foraging wasps, remains a question. 
Having by some means reached a cell in the nest, the larva 
attacks the occupier and eats into its interior, where it feeds 
for some time and grows considerably. Later it emerges from 
the grub and moults, changing much in form ; it then con- 
tinues to feed, and undergoes another moult, after which it 
completely finishes its victim and pupates in the cell, emerging 
as a beetle soon after. When full grown the larva is about 
11 mm. long, and resembles a Crabro larva, being whitish, 
flattened in front, with a small head and the last two segments 
smaller than the rest, the apical one cleft and bearing an anal 
tubercle. The adults may occasionally be found on flowers. 
One species undergoes its larval stage in the root and stem of 
a plant (Eryngium campestri) and pupates in a cocoon formed 
on tBe outside of the stem. 

The species (Rhipiphorus pectinicornis) parasitic on cock- 
roaches is wingless and larviform in the female, who never 
leaves the body of her cockroach host. 

An interesting account of Metcecus paradoxus has been 
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written by Chapman (1891). Emenadia has been secured 
from the nests of the potter wasp (Eumenes) in India. 

The species have been listed by Csiki in the Berlin Catalogue. 
There is only one British species. 


Meloid^ (including Lyttidce — formerly Cantharidce). 

Head vertical, constricted with abrupt neck. Prothorax 
at base plainly narrower than elytra. Tarsal claws with 
closely applied appendage beneath. Integument usually 
soft. 

This is a large family containing nearly 2,000 widely dis- 
tributed species. 

They are of moderate size, generally from half an inch to an 
inch long. They are usually of fairly robust build. Some 
have warning coloration, others are metallic blue or green, 
while others again are dull brown or black. 

The head is of moderate size, placed vertically, and joined 
to the thorax by a distinct neck. The antennse are usually 
eleven- jointed and simple. The eyes are large. The mouth- 
parts are not prominent and not very strong. The thorax 
is not as broad as the abdomen. The elytra are generally 
weak, loosely fitting, and do not meet down the whole 
length of the median line, in some cases being widely 
dehiscent. There are six visible ventral segments. The 
majority of these beetles possess functional wings ; but the 
species of the genus Meloe are wingless. The legs are long, 
with long tarsi, and claws which have a closely fitting ap- 
pendage beneath. The anterior and middle coxse are large 
and contiguous. 

The earlier stages of these beetles are very curious and have 
given rise to much discussion. Masses of small yellow eggs 
are deposited on grass or on the bare earth. They hatch and 
little triungulin larvae emerge. These, in some cases, run 
about until they come across the egg-mass of a locust, into 
which they force their way and devour the eggs. Between the 
triungulin larvae and the adult insects there are a series of 
curious stages. The egg yields an active triungulin, which 
at the moult loses its legs and becomes scarabeoid : it then 
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becomes a “propupa,” and later a normal pupa. Other 
species are parasitic in the nests of various bees, going through 
the same curious metamorphosis. The young triungulin 
larvae, after emerging from the egg on the ground, gain 
access to the bee’s nests by attaching themselves to bees and 
getting carried there. Fabre gives an interesting account 
of the Sitaris which spend their early stages in the nests 
of bees belonging to the genus Anthophora, Riley gives 
an account, quoted by Sharp in the Cambridge Natnral 
History^ of the life of Epicauta, which infests the egg-masses 
of locusts. 

The adults are herbivorous and may be seen during the 
day on flowers and foliage. The species of Meloe are more 
often found crawling on the ground. These beetles have a 
habit of appearing in greater abundance in some years than 
in others. 

Borchmann has listed the species in the Berlin Catalogue. 
Marseul has monographed the sub-family Mylabrmce, There 
are nine British species. 

The adults of a few species belonging to the genus Epicauta^ 
when abundant, are destructive to cereal crops, by eating 
the stigma and anthers, so that the grain cannot form. In 
America, Epicauta pennsylvanica eats the leaves of potato 
and beet. Mylabris are pests of pulse. These beetles are 
the “ Blister-Flies ” of medicine, owing to their content of 
cantharidin : they are still in use, though synthetic canthari- 
din is now replacing them. 


PYROCHROIDiE. 

Head exserted, constricted behind eyes, which are 
emarginate. Antennae flabellate or pectinate. Prothorax 
narrower than elytra, which are wider than abdomen. Legs 
long ; penultimate tarsal joint bilobed ; claws simple. 

About sixty species are contained in this family ; the 
majority of them inhabit temperate or cold countries : North 
Europe, Siberia, Japan, and North America. A few have been 
found in India and Burma. 

They are allied to the Melandryidce ; but the formation 
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of the head and neck, and the bilobed penultimate tarsal joint, 
are characters which clearly separate them from that family. 
The majority of them are moderately large, conspicuous 
insects, usually with a colour scheme of bright scarlet and black, 
the head and thorax sometimes being black and the elytra 
scarlet, or vice versa. The head is conspicuous and constricted 
at a little distance behind the eyes, which are emarginate. 
The thorax is narrower at base than the elytra, which are 
rounded at apex and wider than the abdomen. There are 
five free, ventral segments in the female, a sixth being visible 
in the male. The legs are long, with the penultimate tarsal 
joints bilobed and the claws simple. 

The larvae arc flat, elongate, parallel-sided, with a large 
head, short antennae and palpi as long as the antennae. The 
penultimate segment is much longer than the others, while 
the apical segment is very short and bears two short, upward- 
projected spines. The legs are short, with one claw. The 
wings and wing-cases visible in the pupae are very short. Both 
larvae and adults live under bark or in rotting wood ; but on 
hot sunny days the adults may sometimes be found on flowers 
and shrubs. It is believed that one species, Pyrochroa coccineaf 
takes three years to go through the larval stage. Fowler 
lists the three British species. 


Xylophilid^. 

Like Anthicidae ; but penultimate tarsal joint concealed in 
lobes of anti -penultimate joint, causing the tarsi to appear 
four-, four-, three -jointed. First two sternites connate. 
Posterior coxae approximate. 

Some 300 widely distributed species are contained in this 
family. Many of them superficially resemble some of the 
Anobiids, while others are more like Anthicns. 

The head is sharply constricted behind the eyes, which are 
large and rather coarsely granulated. The antennae are long 
and as a rule filiform. The thorax is much narrower at its 
base than the elytra. The legs are slender, with small tibial 
spurs, while the penultimate tarsal joint is completely hidden 
by the lobes of the preceding joint. The first two sternites 
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are connate, a character which helps to separate this family 
from the Anthicidce. 

The majority of these insects are found in oak woods at high 
elevation, where they live in decaying branches, as do presum- 
ably the earlier stages. Occasionally in Europe they are found 
on flowers or in dead hedges. 

Pic has listed the species in the Berlin Catalogue. 

There are three British species listed by Fowler. 


Anthicid/E (Hylophilidcr, Pedilida), 

Small, many ant-like. Head with small neck, base of 
prothorax narrower than elytra. Five free visible sternites. 
Posterior coxae separate. Penultimate tarsal joint bilobed, 
conspicuous. 

There are some 1,500 species contained in this family, many 
of them are very widely distributed, the greater number 
perhaps occurring in temperate countries. 

They are all small and generally dull l)rown or black in 
colour and many of them much resemble ants, both in shape 
and their mode of running about. 

The head is large, strongly constricted behind the eyes 
and joined to the thorax by a short neck. The antenna' are 
filiform. The thorax is not as wide at its base as the elytra, 
which in the majority of cases cover the abdomen, but in 
some species leave the pygidium exposed. The first ventral 
segment is much longer than the second. The legs care long 
and slender with the penultimate tarsal joint bilobed and 
plainly visible. The posterior coxae are separate. 

The earlier stages af these beetles seem to be very little 
known. The adults are usually found in the ground, often in 
damp places by ponds, or in salt marshes ; some prefer sandy 
places and others rubbish or manure heaps. During hot 
weather many species may be seen on herbage, running about 
in a ^nanner which, together with their general appearance, 
completes their resemblance to ants. 

The family has been listed in the Berlin Catalogue by 
Pic, and monographed in Gen. Ins. Fasc. 8 (1902) by the 
same author. 
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Fowler deals with the ten British species. 

Species of the genus Notoxus are injurious to beet in 
Europe. 


TRICTENOTOMIDiE. 

Size 2 ^ to 3 in. Resemble Cerambycidae. Mandibles 
strong and projecting. Antennae long, serrate inside at apex. 
Prothorax laterally dentate. 

This family contains only a few species, confined to the 
Indian and Indo-Malay regions. 

They are fine large insects, sometimes attaining the length 
of three inches. In general appearance they are very much 
like Prionus of the Cerambycidce and have been placed by some 
authors in that family; others have classed them with the 
Lucanids. Most of them have dark, cryptic colouring ; but 
there is one species of metallic blue. 

The head is large and horizontal and bears strong, projecting 
mandibles. The stout, eleven-jointed antennae are inserted 
just before the eyes and have the last three joints serrate on 
the inner side. The thorax is slightly narrower than the 
elytra and has sharply toothed margins. The elytra are 
strong and cover the abdomen completely. There are five 
visible ventral segments. The anterior coxal cavities are 
open behind and with the exception of the last, all the 
tarsal joints have at the apex underneath a small tuft of 
hairs. 

A larva is known and has been described by Mr. C. G. Gahan 
• as being over four inches long, parallel-sided, with the segments 
narrowing in front and behind. The head large, the legs 
distinct but not long, and the last abdominal segment 
terminating in two short, bent processes. As a whole it 
resembles a Pyrochroid on a large scale. 

The adults inhabit forest regions and are possibly preda- 
ceous. A list of the known species is to be found in the 
Berlin Catalogue. 
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(e) PHYTOPHAGA 

Tarsi five-jointed, apparently four-jointed, the third joint 
usually thickly pubescent beneath. 


Lariid/E (Brnchidve). 

Pulse beetles. 

Small, thick-set. Head free, produced in front. Elytra 
truncate, pygidium exposed. Hind femora thickened. 
Antennae eleven -jointed, dentate or pectinate. First tarsal 
joint elongate. Claws broadly toothed at base. 

About 800 species are contained in this family. They have 
a wide distribution, having, owing to their habits, beeji carried 
about the world by commerce. 

They are small, thick-set beetles, sombre in appearance, 
and have the body clothed with hairs. The head is small 
and produced in front into a short, blunt rostrum. The 
antennae are eleven- join ted and in many cases serrate or 
pectinate. The well-developed prothorax is closely applied 
to the mesothorax. The elytra do not entirely cover the 
abdomen, but leave the pygidium exposed. The abdomen 
is very thick-set. The legs are somewhat short, with the 
femora thickened and the first tarsal joint of all the legs 
elongate. 

The eggs are small, oval in shape and yellow of colour. They 
are laid in an adhesive condition on the seeds or the seed pods 
of various plants, particularly those of the Leguminom. The 
resulting larvae are white, soft, fleshy grubs, with strong biting 
mandibles, and in the first instar, very short thoracic legs 
and a pair of toothed thoracic plates ; the legs do not appear 
in the later stages. Pupation takes place inside the seed, and 
in this country, at any rate, the beetles remain as pupae during 
the winter. The larvae eat out the inner portion of the seed, 
but le*ave the germ unharmed. They are much parasitized 
by Chalcids. The adults are found on flowers and foliage. 

Numerous papers have been written on the economic 
importance of these beetles. A complete list of the species 
by Pic will be found in the Berlin Catalogue. 


0 
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There are thirteen British species. 

In this and other countries a great deal of damage is done 
by species of Bruchus to seeds of leguminous crops, both in 
the field and stored. 


Chrysomelid^. 

Antennae moderately long, or short, their insertion distinct 
from the eyes. Upper surface bare. Tibial spurs usually 
absent. Form variable. 

This is a widely distributed family made up of a vast number 
of very variable species. It has been split up into five main 
divisions : these are 

I. Bupoiks, in which the thorax is without distinct lateral 
margins, the head is produced, the eyes prominent and the 
prothorax narrow. Three sub-families are contained in this 
division : the Sagrinw^ the Criocerinm and the Donacimw, 

The Sagrinm are large, oblong insects, usually brightly 
coloured, with the posterior femora much thickened. Little 
seems to be known of their life-histories. One species is 
known to lay eggs on the bark of a tree, and the larva* have 
been found feeding in roots. The adults are found on plants. 

The Criocerinw are from small to moderate size, somewhat 
oblong in shape and showing a variety of colours, in some 
species warning. They live on plants and grass. Their 
larvai are short, oval and convex, and are usually dark-coloured. 
Fn many cases the larva? are semi-aquatic and live on the 
leaves of aquatic plants, in cases formed of their excrement. 
Oilier species live on terrestrial plants, also in cases. The 
anus is situated on the upper surface, so that it is easy for the 
larva to cover itself with excrement. Pupation usually takes 
place in the ground. 

The Donaciince occur chiefly in temperate regions. They are 
of moderate size, and not so brightly coloured as some of the 
other species, being usually bronzy green or brown. They live 
on aquatic plants. The larvae are elongate, sub-cylindrical 
and whitish. They are remarkable in the fact of their living 
in the stems of aquatic plants, under water, obtaining their 
air supply from the plants by means of two spines at the 
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apex of the body. They pupate in cocoons attacliod to tlie 
roots. 

II. Cyclica, This division contains the niajority of tlie 
Chrysomelids, in which the thorax, with few exceptions, has 
distinct lateral margins and is usually broad. The head is 
more deeply set and the eyes are not prominent. 

These beetles are from small to moderate size and very varied 
in shape. Many of them have brilliant warning colouring 
and many are bright red, blue or green, etc. They are typical 
leaf -eating beetles, and they and their larv® are in many cases 
serious pests of crops : as, for example, the notorious Colorado 
Potato beetle and Phccdoii hrassmr, the Mustard beetle. The 
larvae are usually very convex above, short and oval, with 
short legs, and are in many species brightly coloured. They 
live more or less openly on plants, and pupate sometimes on 
the plant and sometimes in the earth. 

III. Camptosomes, The beetles in this division may be 
distinguished by the lines of the abdominal segments not 
going straight across the body, but curving, making the 
middle of the segments narrower than the sides. The pygidium 
is usually exposed. Many well-known sub-families are con- 
tained in this division. The species are small, cylindrical 
insects, brightly coloured, often in yellow and black. The 
long whitish larva» live in small portable cases formed of their 
excrement. The larvae of (Jryptocephulm, for instance, are 
white, and have the abdomen doubled down and backward 
as far as the legs. The head and thorax only project from the 
case. The larvae move jerkily, dragging the cases with them. 
The pupae are attached to stems of grass and leaves. The 
larvae of some of the Clytrmce live in ants’ nests, feeding on the 
vegetable refuse. 

IV. Trichostomes. In this division the antennae are not set 
very wide apart, and the elytra are more or less soft. The 
Halticince are small insects of oval form, and are often steel- 
blue in colour. The well-known “ flea beetles ” which have 
the power of jumping, and are very active, belong to this 
group. Their larvae are more or less elongate, narrowing at 
each end. As a rule they mine in the stems and leaves of 
plants, and pupate in the boring. The adults eat holes in 
leaves. 
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The Oakrucini include ftpecies whose larvae live in the soil, 
feeding on the roots of plants, the adults eating the leaves. 

V. Cryptosiomes. The members of this division have the 
mouth small and more or less concealed. 

The Hispinm are somewhat flattened, with the thorax 
narrow and the antenna* set close together. The legs are 
short. There are often sharp spines on the thorax and elytra. 
They are variously coloured, some cryptically so. Eggs are 
laid in the tissues of plants, in which the larvse mine. Pupation 
also takes place in the plant tissues. The larva* are narrow 
at each end, and somewhat elongate. 

The Cassidincfi are the “tortoise beetles.'’ They arc some- 
what flat, rounded or oval in form, and have the pronotum 
extending over the head, concealing the mouth-parts, and 
the elytra often expanded at the sides. Some species have 
very brilliant colouring, which fades soon after death. Their 
larva) are short and oval, of flattened form, with short legs. 
In many cases there are spines at the sides of the body. They 
shield themselves with dried excreta, carried on an anal process 
which can be turned over the back. They live on the leaves 
of plants and also pupate there. 

All the (Viryminelidai are vegetarians and all are diurnal. 

In the (Henera Insectonnn various sub-families have been 
monographed: the Vlytniuv (Ease. 49, 1906, 1907), Criocerhue 
(Ease. 211, 1904), Donarihur (Ease. 21, 1904), and the Sogrhue 
(Ease. 14, 1903) by Jacoby and Clavareau ; the Hisphue by 
Weise in Ease. 125 (1911), and the LamprosominiVy Ease. 159 
(1914), Chlmiydituv and Spluvrochamue by Achard. Several 
sub-families have been listed in the Berlin Catalogue, and 
ol^hers have been monographed in Oe)i. Eases. 32 and 33 
(1905) and Ease. 159 (1914). 

The 246 British species are described by Fowler. 

The lierbivorous habits of this large family cannot fail to 
make them of economic importance. Considerable damage 
is done to various crops by both larva? and adults. Vines, 
potatoes, mustard, tobacco, beet, cucurbitaceous plants* maize, 
and rice are some of the most important crops attacked. 
Species injurious to the vine are contained in the following 
genera : Adorns y ColaspiSy Fidia. Potatoes are attacked by 
EpitriXy Qalerucellay Lepthwtarsa, Psylliodes. The Crucifers 
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are attacked by Haltica, PhccdoUy Phyllotreta . Beet is attacked 
by Cassida, Colaspis, System, Mo^iaxia. The Cvcurbitacav 
are infested by Aidacophora, Crioceris, Diabrotica. Cereal- 
infesting species are: Diabrotica, Hispa, Leptispa, Pachric- 
phorns. Various fruit trees are attacked by : Diphucephala, 
GaleruceUa, Longitarsus, Melasoma, Monohpta, Crepidodera. 
The pulses are attacked by : Odontaia. Pests of fodder erops 
are : Colaspiderm, Haltica. Sweet potato is attacked by 
Chcetocnema, and the oil palm by (UvUvnomenodera. Lochinaa 
is destructive to the roots of heather. 

Damage comes under several heads : first, leaf-eating 
beetles, which destroy foliage as adults ; second, similar 
damage by larvaj ; third, root damage by larva\ usually 
associated with leaf destruction by adults; fourth, seedling 
destruction by adults as in the HaUicituv ; fifth, damage* by 
mining larva', which live as larva' in the foliage : this occurs in 
Halticiiuv and Hispina’. 

The control of many of these pests is often a. matter of 
difficulty, and in some cases mechanical methods have to he 
resorted to, as with the flea beetles, which can be captured 
in large numbers by dragging through the fi(*lds of crops a 
sort of wooden trap with sloping sides covered with a sticky 
material, on to which the agitated beetles jump and are held 
fast. 


CEHAMBYCIDyE. 


Longicorns. 

Head obliquely inclined or sub-vertical. Antennae long, 
their bases partly encircled by the eyes. Upper surface 
pubescent. Last joint of palpi not pointed at apex. Anterior 
tibiae not grooved beneath. 

This family contains a great number of species, many of them 
large, fine insects. It was originally included with the following 
familyf the Lamiidce, but on account of various external 
characters it was considered advisable to separate the two 
groups. The chief and most easily recognizable difference 
between the two families is in the position of the head, the front 
of which, in the Cerambycidee, is subvertical or inclined forward, 
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and in the Lamiidce is vertical or even inclined inward. Other 
differences are : the apex of the last joint of the palpi being 
pointed in Lamiidce, but not so in this family, and the underside 
of the anterior tibia3 not being grooved beneath in this family, 
but grooved in the Jjamiidce. 

A great many of the Cerambycids are well known and do 
not need much description ; their elongate form, parallel 
sides and long or very long antenna, are features which cannot 
fail to be noticed by the most casual observer. In a few specif 
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the antennae are of more medium length and the body is more 
rounded and less elongate. 

The colouring is very variable and there are admirable 
examples of cryptic coloration, many species toning perfectly 
with the moss or lichen-covered branches on which th^y rest. 
Others are brightly coloured, some being very beautiful. They 
range in size from less than half an inch to fine big specimens, 
two, three or more inches in length. The integument, with 
few exceptions, is hard. 


COLEOPTERA 


109 


The head is large, with strong, prominent mandibles and, 
as a rule, large eyes. The antennae are generally very long and 
have their bases partly encircled by the eyei^. They vary in 
form, sometimes being dentate and sometimes clothed with 
tufts of hair. The prothorax is stoutly built. The elytra 
closely fit the abdomen, but in some cases do not entirely cover 
it. The wings are large and functional. The legs arc long and 
often clothed with tufts of hair ; the tarsi are pubescent and 
have the third joint bilobed. There is not much difference 
between the sexes, the males possessing larger mandibles and, 
as a rule, longer antennae. Many species stridulate by rubbing 
the posterior edge of the ])rothorax on a grooved surface on 
the mesothorax, and others by rubbing the hind femora against 
the edge of the elytra. Several emit fin odour, sometimes 
pleasant and sometimes disagreeable. The British Aronna 
moschata, known as the “musk beetle,’' is a typical in- 
stance. 

The adults are fill herbivorous, feeding principally on the 
foliage of trees. They are both diurnal and nocturnal of 
habit, and in some species often take to flight. 

The life-histories arc very similar, both in this family and 
the Ijamiida\ The larva3 are all wood-feeders, living in the 
trunks and branches of trees and under bark. Eggs are laid 
on the bark or in cracks, and the larvae tunnel into the hard 
wood or burrow along under the bark. The larvae are elongate, 
white or yellowish grubs, with a small horny head and strong 
mandibles, well adapted for gnawing wood. The thorax is 
slightly swollen, in a few cases considerably so, causing the 
larvae to resemble those of the Bupresiidcr, Legs are absent, 
their place being taken in some species by swellings on the 
body surface, which assist the larvae in their progress along the 
tunnels. Some species have dorsal plates on the thoracic 
and abdominal segments. Pupation takes place in the tunnels, 
the larva sometimes making a small chamber by closing up 
the tunnel at each end of its body, and sometimes forming a 
cococm of chips and anal secretion. The length of the life- 
history is usually long, in many cases extending over three 
years. During their lives the larvse bore long and tortuous 
tunnels through the wood, often doing great damage to valuable 
timber. 
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Lamiid^. 


Except in the characters already mentioned, this family 
does not differ in structure, life-histories or habits from the 
Cerambycidai. The same wide range of colouring is seen, the 
examples of cryptic resemblance and protective mimicry being, 
if anything, more highly emphasized. Many beetles in this 
family resemble wasps, bees and other harmful insects, including 
other protected beetles. Their movements also are like those 
of the insect they wish to mimic : for instance, the British 
Clytus arietis, with its yellow and black markings, runs rapidly 

about leaves and stems of bushes in the same manner as a 
wasp. 

The larvic, their habits, and the adult habits, are all similar 
to tliose of the (Jeranibycidce. 


riiese families together number, as far as is known, about 
i:i,(m() species, which are very widely distributed. 

I he (Jeramhycinw and the Ijimihui' have been listed in the 
Berlin (’atalogue by Aurivillius. Lamcere lists the Primimr. 
as a separate family in that catalogue. Lamcere has niono- 
graf)hed the Priminw, in Genera Insectorum, Fasc. 172 (1919), 
and Boppe the Cexambycidm {Disteriince to Septurinm) in Fasc 
178 (1921). 


The British species of the two families number fifty-three 
and are dealt with by Fowler. 

In the forest regions of tropical and temperate countries, 
these beetles do a great amount of damage, much timber being 
lessened in value and often rendered totally unfit for commerce. 
Trees are often killed by the borings of these insects. 

As well as forest and shade trees, many fruit trees and 
bushes are also attacked; orange, coffee, mango, cocoa, 
hme, apple, pear, etc., all supplying breeding places for the 
larva?. The adults are in some instances injurious to foliage. 

The citrus trees are attacked by species belonging to the 
following genera : Acrocinm, Diphschenui, Elaphidion, Leplo- 
stylus, Slrmnatium and Uracanthus. Coffee is infested by 
Anthores, Monohammus, Moecha and Xyhtrechus. Batocera 
infests the mango. Cacao is injured by ; Eudesmus, Glenea 
and Skirastoma. Apple is attacked by : Elaphidion, Lepto- 
stylns and Saperda. Vine, fig, raspberry, gooseberry and 
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mulberry are more or less attacked by; Obcrea, Prionm, 
Phfynttdj Xylocfius and Clytus, Ayopovtluo is injurious to 
sunflower, and Ataxia to cotton. Rubber is attacked by 
Coptops, Epepeoles, Inesida, and Tamiotes. 


(/) RHVNCHOPHOH.V 

Head produced into a rostrum, variable. Antennm usually 
clubbed and elbowed. Tarsi five-jointed, apparently four- 
jointed, first three joints pubescent. 

Six familie.s arc contained in tins sub-order. Two of tbein 
arc of great economic importance. 

Brkntiiid.k. 

Head and prothorax elongate. Antennae straight, nine- to 
eleven-jointed. Rostrum horizontal, either long or short, 
with stout mandibles. Elytra cover pygidium. 

About 1,900 .species are contained in this family. They 
are widely distributed in tropical regions, Imt very few are 
found in temperate regions. 

They are allied to the Curculionuiw, but ar(! more elongate 
and narrow in form. In colour they are usually dull red-brown 
or yellowish, and are bare and shining. They have been 
divided into two sub-families; the Brevlhiva- and the 
UloceriiuF. In the Brenthimv sexual dimorphism is strongly 
apparent, the males having a broad, short rostrum, while in 
the females the rostrum is slender and often longer than the 
body. The mandibles are well developed. The head is 
constrieted behind, and the antennae are eleven- jointed. The 
legs are long and stout, with the fore femora and tibiae often 
expanded and toothed. The elydra completely cover the 
abdomen. The Ulocertnee in nearly all cases have nine-jointed 
antennae, and show much less, if any, structural difference 
between the sexes. 

The family as a whole are wood-borers and live in decaying 
wood, on which the majority of them feed. One or two genera 
are considered to be predaceous on other larvae. Little is 
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known of the earlier ntages ; the larvae are said to be furnished 
with short legs, an unusual character in the Rhynchophora, 
The family has been monographed by Schbnfeldt in Genera 
Insectorurn, Fasc. 65 (1908). Jacobson has written on this 
family. The species have been listed by Schonfeldt in the 
Berlin Catalogue. There are no British species. 


Platyrrhinid.^ (Anihribidm). 

Rostrum short, blunt and flat. Antennae straight, often 
long. Pygidium exposed ; propygidium deeply grooved in 
the middle. 

This family contains about 1,000 species, chiefly confined to 
the tropics, very few being found in the temperate regions. 

They vary from small to moderate-sized insects, variable 
in general appearance, some resembling the Lamiidiv, and 
others certain of the Cnrculionuhv. They are pubescent, not 
brightly coloured, but oftoji have markings of black, grey, 
brown, or white. 

The antenme are straight, sometimes with a three-jointed 
club, and in the males of some species, very long. The rostrum 
is very short and broad ; the mandibles arc flat and curved, 
pointed in some species and emarginate at apex in others. 
The elytra leave the pygidium exposed : the propygidium is 
deeply grooved in the middle. The legs are of moderate 
length, with four- jointed tarsi, the third joint often being very 
small and concealed by the second joint. These beetles are 
not as a rule active, but a few have the power of leaping. They 
occur in dead wood, fungi, and sometimes on tree trunks and 
old hedges. 

The larvie are soft, white grubs, some with legs, others 
without, or with three pairs of pseudopods. These larvae live 
in dead wood and have also been found in large seeds and 
nuts. One species, Aroecerns fascimlalnSy has been known to 
breed freely in coffee beans. The larvae of Brachytarsvs are 
said to feed on Coccidce and are probably the only case of 
carnivorous Rhynchophora, 

Bovie has listed the species, 1905. The eight British species 
are described by Fowler. 
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CURCTILIONIDJE. 

Weevils. 

Labrum absent. Antennae clubbed and elbowed. 

Rostrum variable, usually distinct. 

This is a huge family containing some 30,000 species of so 
variable and complex a nature that up to the present their 
classification seems a somewhat hopeless task, and their 
division into numerous sub-families, legions, cohorts, tribes, 
etc., tends rather to heighten the complexity than lessen it. 
Their distribution is extremely wide, they being found in all 
parts of both temperate and tropical regions. 

In general appearance they are easily recognizable by 
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reason of the distinctly prolonged rostrum and geniculate 
antennae borne by nearly all of them. They range in size 
from those an eighth of an inch in length to some about two 
inches. There are a considerable number of medium-sized 
species with a length of from a quarter to half an inch. Their 
colouring is generally dull : brown, grey or buff, more or less 
blotched and marked. Some, however, are of brighter 
appearance, being rich reddish-brown, light green or blue. 
Cryptic colouring is very noticeable in this family. In the 
majority of cases the body is clothed with scales, and it is 
these scales that usually make up the colour scheme, the actual 
integjument being quite darkly coloured, if not black. Some 
species are clothed vnth a delicate, mealy covering, similar 
to an alkaline solution secreted by the insects, and leaving, 
after evaporation, a sort of efflorescence. 

The head varies in size and is produced in front into a more 
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or less (liHtinct rostrum, in some cases short, blunt and thick-set ; 
in others long, slender and curved, or almost straight. The 
somewhat small mouth-parts are situated at the apex of the 
rostrum, the mandibles moving horizontally in all cases, with 
the exception of the genus BalaninuSy in which they are 
vertically placed. With the exception of a few genera, the 
palpi of all are exceedingly small and rigid. The eyes are small 
and situated at the base of the rostrum. The antenna? project 
from the sides of the rostrum, in some species near the apex, 
in others not far from the base. They are all more or less 
geniculate and consist of an elongate basal segment or scape 
and six or seven short segments terminated by a three- or four- 
jointed club. The prothorax is well developed and closely 
articulated ; the abdomen, which is largo and thick-set, is 
completely covered by the neatly fitting elytra. The wings 
are ample and much used by a number of species. The legs 
are of moderate length and often have the apex of the femur 
swollen. The tarsi are apparently four-joint(‘d, the basal 
three rather flattened, and the third, as a rule, bilobed ; the 
fourth joint is elongate. The males are often smaller than the 
females, and in a number of cases may be distinguished by 
some character of the fore-legs. 

The life-histories of a considerable number of species have 
been worked out, and it has been found that the eggs are of 
two types : those laid on the outside of a plant, and those laid 
in the plant tissues. The exposed eggs arc usually small, 
oval, smooth and hard, while the concealed ones are more 
elongate and soft. A considerable number are laid, scattered 
about over several plants. The resulting larva? arc soft, 
white, legless grubs, with a fleshy body, slightly curved and 
thickened posteriorly ; the head is exserted and is usually 
brown in colour. These larva? live in and on all parts of the 
plants, feeding on the tissues ; roots, leaves, stems, flowers, 
buds, twigs and fruit are all attacked by some species or 
another. Pupation takes place in the majority of cases in 
the plant, some species forming cocoons of fibrous material, 
others just enclosing a small chamber in the plant tissue. 
Some of the root-infesting larva? pupate outside the root in 
cocoons made of earth, while many which feed externally 
form cases of excrement or a gummy secretion from the anus. 
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The duration of each stage varies according to species and 
climatic conditions. While some only complete one life cycle 
in a year, others are many-brooded and continue breeding as 
long as suitable larval food is available. Hibernation most 
commonly takes place in the larval and adult stages, the Iatt(‘r 
stage particularly, in the case of one-brooded species. The 
adults are very active and may be found on all kinds of herbage 
and trees. Some only feed at night, while others are diurnal 
of habit. It is thought that one species may possibly be 
predaceous ; but all the rest are undoubtedly herbivorous. 
There are aquatic species, the adult swimming in fresh water. 
Many species very successfully “ sham dead ’ ' on the apj)roach 
of danger, drawing the legs and antenna' close uj) to the body 
and falling off the plant into the surrounding herbage, which 
renders it difficult for them to be found. 

The larva' of a number of these beetles are chosen as hosts 
by many parasitic insects, and the adults are eat(‘n by birds 
and predaceous insects. 

Although some work has already been completed on tins 
family both with regard to classification and bionomics, much 
still remains to be done. Some of the su))-families have been 
monographed in Genera Inseetormn by ]k)vie, Ja’a, and Wagner, 
in Eases. 70 (1908), 71 (1908), 89 (19*09), 98 (1909), 180 (1912). 
Wagner also lists the species of the Apwnina! in the Berlin 
Catalogue. Fowler gives descriptions of the 400 British 
species. 

Economically, this family can be ranked among those of 
the greatest importance. When one considers t he vast numbers 
of species and the herbivorous habits of all, it is easy to realize 
how serious a menace to agriculture the family as a whole can 
be. It is chiefly in the larval stage that the greatest damage 
is done ; but some adults are also very destructive. As already 
mentioned, no part of a plant is free from attack, and, feeding 
concealed in the tissues as many of the larva? do, it is difficult 
to eradicate them. The foliage of trees is eaten by several 
species, particularly those of the genera Attelabus and Rhyn- 
chiles, the adults preparing a case for the protection of the egg 
and larva, by cutting nearly across a leaf and rolling it up 
into a neat tube or funnel in which the grub feeds. Whole 
trees, particularly oak and birch in this country, may often 
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be seen treated in this way. Various coniferous trees are 
injured by the ravages of some species. Many fruit trees are 
injured in some manner by either larvae or adults. Anthonomns 
pomornm does a great deal of damage to apple trees in America 
and Europe. 

Anthonomus grandis, the notorious “Cotton Boll Weevil,” 
does harm to the fruiting bolls of the cotton plants, causing 
great loss of crop. There are also weevils of other genera 
which attack cotton. 

Species of the genus Apion are serious pests of many 
leguminous fodder crops. 

Stored grain is attacked by the genus Calandra, eggs being 
laid in individual grains, of which the inside is eaten by the 
resulting larva. 

There are many other genera containing species of economic 
importance to various crops, etc. : Cotton, as well as being 
attacked by the notorious Anthonornufi, is also infested by 
AlcideSy Okikodermvs and Pempheres, The fodder crops are 
infested by Apion, Hypera, Phytonomus and Sitones ; fruit 
trees by Bahnimw, Coeliodes^ Conotmchehs, Cryptorhynchm, 
Leptops, Magdalis, Orchestes, OtiorhynchnSy PachnanSy PeritehSy 
Craponimy PhyletinvSy PhyllobinSy BhifnchiteSy Rhynchophoms^ 
(Vreals arc attacked by SphenophorvSy Exophihahm(s, and 
Lissorhopirm, Crucifers are injured by BarynoiuSy Ceutor- 
hynchifiy and beet, potato, etc., by ClemuSy Desianthuy CylaSy 
Tanymecus and Trichobaris, Lixtis is injurious to rhubarb, 
and Balanogastris to kola-nut. 


ScoLYTiDiE (Jpid(Py Platypuhe). 


Bark-borers. 

Rostrum short or absent. Antennae short, elbowed and 
clubbed. Anterior coxae contiguous. Tarsi variable, last 
joint long. ,, 

About 1,500 species are contained in this family : they are 
widely distributed throughout the world, particularly the great 
forest areas. 

They are all small, cylindrical insects, differing from the 
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Curoulionidce inasmuch as the rostrum is very sliort or often 
practically absent. Their colouring, as is usual with most 
wood-boring beetles, is dull black or brown. The head in 
some species is prominent ; but in others it is partially covered 
by the hood-like formation of the thorax. The antenna', which 
are inserted on the sides of the head, are elbowed and strongly 
clubbed. The rostrum, if present at all, is short and broad. 
The mandibles are short, curved, and more or less toothed 
on their inner side. The thorax is well develoj)ed, seldom 
narrower than the elytra, and often much sculptured. The 
elytra cover the abdomen. The legs are compressed, moder- 
ately stout, with the anterior tibia' invariably denticulate 
or crenulate on the outer edge, and the last tarsal joint long 
and furnished with simple claws. Tlu' anterior coxa' are 
contiguous. 

The larva) resemble very closely those of the other families 
of the Ehynchophora, with the difference of slightly longer 
head and more strongly developed mandibles. They are all 
much alike, with the exception of that of Platypvs, which is 
more elongate and terminates in a short spine. 

The mode of oviposition differs from that of the other 
EJiynchophora^ in the fact of the female entering the wood or 
plant tissue to lay the eggs, whereas the rest of the Jihyncho- 
phorons families lay the egg from the outside of their chosen 
food. 

The majority of species in this family arc borers in wood 
and bark, on which some of them feed. Some of them live 
on the fruiting bodies of certain fungi which grow in the borings 
and are said to be cultivated by these beetles. A few, belonging 
to the genus ThamnurguSj live in the stems of plants such as 
Euphorbia, Delphinium, etc. 

The habits of these beetles are of great interest and well 
worthy of notice. Some species are monogamous, others 
polygamous. In the former case the female prepares the 
first bore, and after mating, makes numerous tunnels at right 
angles^to her first bore, laying an egg in each. The male never 
enters the nursery tunnels. In the latter species it is the 
male who makes the main boring, from which his numerous 
wives make other bores, and tunnels out of those again, in 
which the eggs are laid. These latter tunnels often leave the 
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bark and extend right into the wood. The species of Trypo- 
dendron have this habit. In some species the system of 
tunnelling is very complex. 

There is a monograph on the family by Hagedorn in 
Genera Inseciorum, Fasc. Ill (1910). A list of the species will 
be found in the Berlin Catalogue. 

The fifty-three British species are dealt with by Fowler. 

This family is one of great economic importance owing to 
the timber-infesting habits of its members. Not only old and 
weakened trees are damaged, but vigorous and healthy trees 
are also attacked. Fruit trees also come within range of their 
destructive powers : Xyleborous dispar ^ the “ 8hothole borer,” 
being a familiar instance. The other chief pests are contained 
in the following genera : Cryphalus and Platypus attack apple. 
Hylastes breed in stems of clover. Scolytns and Phhmirihns 
attack plum and peach. Hylesinns and Hypohorus attack 
olive and fig. Stephauoderes and Xyleherus are injurious to 
collee bushes. 


Aqlycyderidje. 

Head shorty very broad, triangular, broader than apex of 
prothorax. No rostrum. Antennae long, eleven -jointed. 
Legs short and stout. Tarsi three -jointed. 

Both this family and the next are very doubtfully Rhyncho- 
phorous, and seem to have been placed there for want of a 
better or more correct position. 

There are only a few species in this family, and they 
occur in New Zealand, New Caledonia, and the Canary 
Islands. 

The head is very broad, short and triangular and is not 
produced into a rostrum ; it is broader at the base than the 
prothorax, which is very round. The antennee are long and 
somewhat moniliform. The legs are short and stout, with 
three-jointed tarsi. 

There is uncertainty as to the habits and life-history of these 
beetles ; but one species is believed to live in the stems of 
Euphorbia. 
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Proterhinid^. 

Elongate, oval. Head sub-triangular. Eyes very pro- 
minent. Antennae long, slender. Legs stout ; tarsi three- 
jointed, second joint lobed. 

This family is made up of one genus containing about 120 
species confined to the Hawaiian Islands. 

As far as general structure goes, they certainly have more 
right than the preceding family to be placed in the Rhyuvho- 
phora, as the females in particular have quite a distinct rostrum. 
They are small and somewhat elongate, })lum()se, and marked 
on the elytra. The head is of moderate size and sub-triangular : 
bearing very prominent eyes and long slender antenme, which 
have the apical joints slightly thickened. The males have the 
head only very slightly, if at all, produced. I'he sides of the 
pronotum are rounded. The legs are stout, particularly those 
of the female, with three- jointed tarsi, the second joint broad 
and lobed, and the terminal joint long. The early stages of 
these beetles are not as yet known. The adults live in dead 
wood in forests. 

There is a list of tlie species in the Berlin Catalogue. 


Sub-Order III. LA M KLLICOBN I A 

Tarsi five-jointed. Apical joints of antenna? expanded on 
one side to form a closed or open club. 

Four families are contained in this sub-order, one of them 
being of economic importance. 

Passalid^e. 

Flattened. Antennae pectinate, not elbowed. Labrum 
large, mobile. Pygidium covered by elytra. 

This family, which contains about 500 species, is confined 
almost entirely to the tropical regions of both the Old and New 
Worlds. One species only occurs in the more northerly portion 
of North America. 

They are of moderate to large size, and show very little 

p 
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variation in general appearance, all having a characteristic 
elongate-obJong shape, depressed form and uniform black or 
brown colouring, more or less shiny. The elytra are marked 
with a number, usually ten, of deep, longitudinal lines. The 
head is large and in many species has a rugged appearance 
above. The antennae, when not in use, are folded back under 
the head. The prothorax is broad and loosely applied to 
the mesothorax; the elytra cover the abdomen completely. 
The legs are strong, with the fore tibiae broadened and toothed, 
well fitted for digging : the posterior legs are more slender 
and have the tibiae hairy. The under side of the body is clothed 
with hair. There is no external structural difference between 
the sexes, the mandibles of the male not being enlarged as 
in the Lucanidm. 

The larvae are worthy of note, both on account of their struc- 
ture and liabits. They have the head smaller and are more 
slender than the Lucanid larvae. The fore and middle pair of 
legs are moderately long, but the hind pair are short and of 
peculiar formation, having a very small coxa, and a trochanter 
about six times its length. In a few cases there are claws. 
The trochanter is modified to form a scratching instrument 
on a stridiilating area on the coxae of the middle pair of legs ; 
both larva) and adults stridulate very often. 

The family life of these beetles, as observed by Ohaus, 
is very interesting. The parent beetles live with the young 
larva) in tunnels in rotting stumps, the adults biting off the 
wood and chewing it into a soft condition for their young, 
whose jaws do not seem to be strong enough to enable them 
to gnaw it for themselves. It is probable that a digestive 
segretion is mixed with the food \>y the adults. Even when 
the young Passalids have reached maturity, their parents 
for a time continue to feed them. The power of stridulating 
possessed by both larvae and adults is possibly of use in guiding 
the larvae back to their parents, should they by some mischance 
become separated. This possibility is heightened by the fact 
of the larvae having no trace of eyes. Gravely (191*4-1918) 
is the most recent authority. 
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LuCANIDiE. 

Labrum small and fixed. Antennae elbowed, with a fixed, 
pectinate club. Mandibles strongly developed in the male. 
Pygidium covered by the elytra. 

This family of large, fine-looking insects contains some 
750 species fairly widely distributed, but chiefly in tropical 
countries, a great number of them b(‘ing found in the Indian 
and Indo-Malayan region. 

They are from moderate to large size, many of them attaining 
a length of four inches and over. Their shape is oblong and 
somewhat flattened. The colouring is generally a uniform 
black or brown, but some species wear a very striking uniform 
of black and sharply contrasting bright brown. They are not 
as a rule very shiny. The greatly enlarged mandibles of the 
males cause them to be very easily recognized. The licad is 
large, with moderately long antennae, which are elbowed and 
bear a four-jointed, pectinate club. The eyes of many species 
are divided by a ridge, the larger portion being below. Tln^ 
size of the head and mandibles vary greatly, some males being 
found with mandibles scarcely larger than those of the female. 
The head of the larger species is broader than the tliorax, and 
in some cases as broad as the elytra. In the female the head 
is usually much narrower than the thorax, and bears short Init 
stout mandibles, stronger and of greater use than those of the 
male. The elytra completely cover the abdomen. The legs 
are moderately long ; the anterior pair are often toothed on 
the tibia. 

The larvae are large, white, fat grubs ; that of lAicamis 
cerms, a British species, may be taken as a typical example. 
It is white and almost cylindrical, with a conspicious brown 
head, short antennae and strong mandibles. The legs are 
moderately long. The apical portion of the body is curved 
and the last segment is slightly smaller than the preceding. 
Pupation takes place in a cocoon formed of chips and wood 
dust. The larval period, which lasts for three or more years, 
is spent in decaying tree trunks, the insect feeding entirely 
on the wood and occasionally attacking the roots. The adults 
are also vegetable feeders, and may sometimes be found eating 
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the exuding sap of trees. The males may often be seen on the 
wing during warm summer evenings. 

A list of the species by G. Van Boon is to be found in the 
Berlin Catalogue. 

There are only two British species, one being the common 
and well-known “ stag-beetle,” and the other equally common 
but less generally known. 


SlNODENDRIDA^J. 

Completely cylindrical. Antennae short and stout, with 
pectinate club. Mandibles short in both sexes. Anterior 
part of thorax nearly vertical. Legs short, robust ; femora 
hardly visible beyond elytra. AH coxae contiguous. 

The few species making up this family are confined to Europe 
and North America. Until recently they were included with 
the Lucanidm^ but are so different in structure that it has 
seemed reasonable to form a separate family of them. 

They are all of moderate size, completely cylindrical, black, 
not very shiny, but usually thickly punctured. The antenna) 
are short and fairly thick, with a pectinate club, but are 
not elbowed. Tlie mandibles are not enlarged in either 
sex, and are, in fact, very short and concealed by the head. 
The anterior portion of the thorax is of curious formation, 
being cut off very sharply at an angle of 80° ; the angle is not 
so well defined in the female. On the front of the head the 
male bears a fairly long, stout horn, which in the female is 
only represented by a small tubercle. The elytra are strongly 
puncUired and completely cover the abdomen. The legs are 
short and stout, with the femora scarcely, if at all, visible 
beyond the elytra : a character which is useful for recognition. 
All the coxa) are contiguous. 

The larva) are more slender than those of the Lncanidce, 
narrowing toward the anal extremity, which does not curve 
under as is characteristic of the Lucanids. The head is Some- 
what small. All stages may be found in rotting stumps and 
decaying trees, particularly ash and willow. They are seldom 
known to attack vigorous and healthy trees. There is one 
British species, mentioned by Fowler. 
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SCARAB^ID^. 

Dung beetles and Chafers. 

Convex. Size very variable. Lamellseofantennae,movabIe, 
co-adaptable. Antennae seven- to eleven -jointed, variable, 
first elongate. Pygidium usually exposed. Six visible 
sternites. Legs usually fossorial. 

This is a very large family. Its members arc very widely 
distributed through, chiefly, tropical n^gions. It is dividetl 
into two main sub-families ; the Scarabwhuv and the Melolov- 
thince. The Melolouthinw 
have been classed l)y some 
authors as a separate family. 

The Scamha'hufi are small 
to large insects, sombrely 
coloured as a rule, but in 
some tropical species, met ah 
lically coloured. They are 
convex, oblong and thick- 
set. The head is large and 
projects forward, plate- wise, 
concealing the mouth-parts. 

The mandil)les are short and 
stout. There is often a horn 
or spine-like process on the 
head. The antenna? are 
seven- to eleven-jointed, with the first joint long and the 
lamella? of the club movable. The prothorax is large and 
often bears horny projections. The elytra are hard, some- 
what rough, and leave the pygidium exposed. The legs are 
long and stout, well adapted for digging, with the tibia? 
broadened and spined. The tarsi are slender, and absent in 
the anterior legs of some large species. There are six visible 
ventfal segments. The abdominal spiracles are all covered 
by the elytra. 

Both larvae and adults, with few exceptions, live in or near, 
and feed on, dung. Some feed on dead animal matter. Some 
species collect dung, form it into balls, roll them along the ground 
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and take them down into the ground, where they form the 
food supply of the larvse. The flat-shaped head is of great 
service in digging, moulding and rolling the dung. Other 
species live in burrows under dung masses, packing the burrows 
with the dung they have carried down. Eggs are laid in these 
stores, on which the larvae feed. The adults also feed on dung. 
They have large wings, and in many cases may be seen in 
flight. Pupation takes place in the burrow. Fabre gives an 
excellent account of these beetles. 

The Melohnthinm may be distinguished from the Scara- 
haiince by having one or three abdominal spiracles visible 
below the elytra. 

They are moderate to large-sized insects, thick-set and 
oblong in form, with the head smaller than in the Scarahminm 
and not produced. The thorax is large and rounded ; both 
head and thorax of some species, ('specially the males, have 
long or short horny processes. The anterior legs are often 
broadened, and well adapted for digging in the soil. There 
are spines on the posterior legs. The wings are large and 
often used. Many stridulate by rubbing one portion of the 
body against another, a habit also possessed by many of the 
Scarabmnm. Many species are brightly coloured, several 
brilliantly so ; others are more sombre in brown or buff. 

The larva), which in many cases resemble tnose of the 
ScarabceincBj are soft, white grubs, with curved bodies and 
apical segment somewhat swollen. The legs are of varying 
length. 

The Melohnthini proper are the Cockchafers, which are 
usually dull-coloured insects. They are nocturnal, often flying 
at night and feeding on leaves and flowers. The dingy- white 
larva) live in the soil, feeding on plant roots. They pupate in 
cells in the soil. 

The Rutelini are chiefly tropical species, often brilliantly 
coloured. The larvae feed on roots and the adults on the 
foliage of various plants. 

The Dynastini are nearly all large species, some of them*being 
the giants of the beetle world. The males of several species 
have curious, long or short horns or processes on the head and 
prothorax. They are not as a rule brightly coloured. Their 
larvae live in old trees, in rotting vegetable matter and in 
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plant roots. The pupa is enclosed in a liard case. The adults 
live on plant tissues. 

The Cetoniini are moderate-sized insects, and many of them 
have very beautiful colouring. They are somewhat flat in 
form. The males of some species have protuberances on the 
head and thorax. They are diurnal and often found on 
flowers. The larvae live in decaying vegetable matter and in 
roots. 

Many sub-families of the Scarabccidce have been monographed 
by Schmid te in Geiiera Insectonm, Fasc. 150 (1913), and also 
listed by him in the Berlin Catalogue. Dalla Torre lists the 
Meloloyithmi, Gillet the Coprini, and Schenkling the Ceioniivi 
in the Berlin Catalogue. Gen his. Fasc. 110 (1910) and 
7 (1902), also deal with this group. The eighty-two British 
species arc listed by Fowler. 

The habits of the ScuTabwiticc render them of good service’* 
to the agriculturist, as they carry down into the earth manure 
which might otherwise be w'ashed away, dried up, or in some* 
manner wasted. 

The other sub-families are in many cases injurious : their 
larvae damaging the roots of various plants and trees, the 
adults attacking flowers and foliage. Wheat, rice, maize, 
sugar-cane, .i^c., are often attacked. The adults of some 
species eai; 'the foliage of vine and oil-seed crops. Coco-nut 
palms are attacked by species of Oryctes : the beetles eating 
down into the growing point of the palm, often causing it to 
die. The genera containing the more important economic 
species are : Apogonia^ Heteronychvs, Ligyrus^ Phytalus^ 
Rhapma and Xylotrupes as pests of cane. Coco-nut is attacked 
by Adoreins, Apogonia, Oryctes. The vine is attacked by 
species of Anormla and MacrodactyhiSj which latter also 
attacks apple ; other apple pests are Anoplognathus and 
Mehlontha. Orange is infested by Cetonia and Phyllognalhus. 
Phyllopertha attacks crucifers, and LacJinosterna wheat and 
grass crops. 

The eradication of these pests is in many cases difficult, 
and mechanical devices, such as the placing of various traps, 
are often the only methods which give any results. 
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STYLOriDiE. 

Minute insects « parasitic in the interior of Hemipterous and 
Hymenopterous insects. Prothorax very small. Elytra 
reduced to small slips. Metathorax large. Males with 
large wings, no cross -vcifns. Tarsi variable, without claws. 
Females blind and larviform, never leaving host. 

The insects contained in this order and family are of most 
abnormal character. It has been thought that they come 
nearest in structure to the ColeojHera^ and were at one time 
placed in that order ; but on account of their extraordinary 
cliaracters it has been considered best to keep them separate. 

Four genera are known, 
and the species are probably 
more numerous than it is 
thought, as their small size 
and peculiar habits do not 
Fig. 53.— Fomalo of Damjrtocara un- tend to make them very 

(to view) fro.n o.wmctropm „oticeablc. Tiicy have been 

(After iiercc-muchcUMKwi.) recorded from North 

America, Brazil, Mauritius, 
and Tasmania. All the four genera are present in Europe. 
They are very small and are parasitic in the bodies of 
various Hymenopterous and Hemipterous insects. 

The males are winged, with a very small head, and sucking 
moiith-parts. The antennae are five- or six- jointed, sometimes 
branched or flabellate. The prothorax is very narrow, being 
reduced to a mere band, while the metathorax is unusually 
large. Elytra are present in the form of small, more or less 
twisted, slips. The wings are large, with radiating veins, but 
no cross- veins, and are folded longitudinally when at crest. 
The legs are of moderate length, with tarsi of two, three or 
four joints, and without claws. They are usually black. 

The females are very small and never become other than 
larviform, being like a small legless maggot, with one end 
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restricted to form a sort of liead. Tlicy never leave tlie bodies 
of their hosts. 

The larva} in the first stage, are triungulins, and emerge 
from the body of the female, in whicli the eggs are liatelied. 
The triungulin larva, which is very active, reaches bv some 
means or other the larva of the host insectaml l)()res into the fat- 
body on which it feeds, subsequently moulting and beeoming 
a soft, legless maggot, after which it feeds (ill full-grown 
and then pupates, still in the fat-body. If a male, it emerges 
from the body and Hies away ; bi ; if a femah', the larval 



Fig. 54. — Male of Xowh from Polistr.s hchrmus. ( x 12.) 

(After J/‘froy.) 

shape is more or less retained and it remains in the body, 
with only the suppo.sed head portion extruded, by which the 
males effect fertilization. 

In some forms the ovaries open on the dorsal surface of the 
^ody, attainable for fertilization by the male. 

The insects are not killed by the parasites, but usually 
complete their metamorphosis, and the Stylopid and its 
host often arrive at the adult stage together, when the 
protruding portion of the Stylopid may be visible between 
two of the abdominal segments. 

The adult males are short-lived and do not appear to take 
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much nourishment. Some speeies belonging to the genus 
Xmos only live for about twenty minutes, while others, of the 
genus Stylops may exist for a day or so. 

The species of Xenos are very active, and fly with great 
rapidity among the wasps, in the colonies of which they breed. 
The males are known to fly both by day and by night, 
occasionally coming to light. ’ 

The insects parasitized are : bees of various genera, eertain 
wasps, and a few Homopterous inscets. 

^The genus Styhps parasitizes bees of the genus Amlrena. 
hknchus attaeh themselves to bees like Bombus, and Halicto- 
phaiji to the Ilalicius. Xenos chiefly pay their attentions to 
wasps of the genus Polistes, and occasionally to Sphex. 

As a rule, only one Stylopid is developed in the body of the 
host ; but cases are known of bees in which three or four have 
been found ; while some of the Polistes have been observed 
to have as many as ten Xenos in them. Pierce is the chief 
authority on this family. Proc. U.S. Nat. Mas. 54 pn. .391- 
507 (1918), and Gen. Ins. Fasc. 121 (1911). 

Ihree of the genera occur in Britain, with one species each. 
Ihey have been described by Fowler. 



THYSANOPTERA (Physavoda) 

Thrips, Blasenfusse, Vesitarscs, Fringe- wings. 

Small, elongate insects with two pairs of narrow wings 
fringed with long hairs ; mouth-parts piercing and sucking. 

Thrips are widely distributed, being found in botli temperate 
and tropical landvS. They are recognizable in the fu'Id by 
their small size, the nature of their wings and their rather 
peculiar, jerky walk. The nymph is white or yellow, some- 
times orange, and the adult is brown or black. Colour is of 
little significance, though the adult is often dillicult to 
distinguish, with its dark body and light wings, on the whitish 
areas of “thripped " leaves dotted with the black spots of 
excreta which the insect deposits. 

The head is large, and flat on to]) ; in profile it is triangular, 
the forehead forming the apex. The mouth-parts are drawn 
right back to lie almost between the fore coxa‘, the cavity of 
the mouth thus pointing straight downwards. The eyes are 
large and contain relatively few facets. Two or three ocelli 
are always present in winged and absent in entirely wingless 
forms. The general arrangement of the mouth-parts resembles 
that of a Hemipteron ; they are fitted entirely for sucking. 
The region constituting the mouth is in the shape of a cone, 
formed by the clypeus, labrum, labium, and maxillary sclerites. 
Inside this cone work the piercing mouth-parts, which are 
asymmetrical, consisting of one mandible and two maxilla*. 
The left mandible is fairly short and stout ; the right is a 
mere rudiment. The maxilla) consist of three parts : the 
piercing ‘‘stylet,” generally longer and more slender than the 
mandible, the external maxillary scleritc, bearing a two or 
three-jointed palp, and a short piece connecting tlie other 
two. ♦ The labium also bears a pair of short, two- or four- 
jointed palps (Peterson, 1915). 

Turning next to the thoracic region, the prothorax is 
distinctly separated from the mesothorax, while the meso- 
and meta-thorax are closely united. The legs are very uniform 
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in the various groups, although the fore-legs are often shorter 
and thicker and more specialized than the others. All the 
tarsi are reduced, being generally two-, but sometimes one- 
jointed ; the last segment bears a bladder-like organ, capable 
of being extruded or withdrawn at pleasure. The wings of 
Thrips are quite unique in their combination of peculiar 
characters. They are long, narrow, and membranous, with 
few veins ; the anterior margin is generally, and the posterior 
margin always, fringed with long, delicate hairs. When at 
rest, the wings lie horizontally along the abdomen. They are 

sometimes reduced to 
mere pads, and in a few 
species are entirely ab- 
sent. Three pairs of spir- 
acles are always present, 
a fourth occurs in all 
Tiilmlifera a n d m a n y 
Terebraniia ; in a few 
species eleven are pre- 
sent. In the adult, one 
pair is situated on the 
mesothorax and first and 
eighth abdominal seg- 
ments. The fourth pair, 
when present, is very 
small and is found on the 
metathorax ; while in 
those species with eleven 
pairs they are situated on 
the meso- and meta-thorax 
and the first to the ninth abdominal segments. In the 
“ larval ” stages, i.e. first and second instars, the arrangement 
of the spiracles is the same, except that the first pair occurs 
on the second abdominal segment instead of on the first. The 
abdomen consists of ten segments, of which the last is conical 
or tubular in form. Distinction of the sexes, in those forms 
where the female has no ovipositor, is often a matter of some 
difficulty. In the Terebrantia^ the female has an external 
ovipositor, which is saw-like and composed of four valves, and 
is situated ventrally on the eighth and ninth segments of the 



Fig. r)5.~.\dulb of T(rnioOiripff pyri, 
( X abovifc 00.) 

(After Moulton— slightly simplified.) 
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abdomen. The genital opening is between the eighth and ninth 
segments. The end of the abdomen is generally conical in 
form. Usually the male is much smaller than the female ; a 
protrusible penis lies withdrawn inside the ninth abdominal 
segment, and the genital opening is situated between the 
ninth and tenth segments. The abdomen is usually blunt at 
the end. In some forms the ninth segment bears ])roccsscs 
which probably assist in copulation. The male, too, is often 
lighter in colour and more active than the female. In the 
Tubulijera^ the end of the abdomen is tubular in form and the 
genital pore is situated between the ninth and tenth segments 
in both sexes. The female has no ovipositor, to act as a 
distinguishing feature ; but lying vent rally on the ninth 
abdominal segment, near the posterior edge, is a short, 
chitinized rod, which, however, is not easily visible in dark- 
coloured forms. The male is generally smaller and narrower. 
The base of the tube at the end of abdomen is emarginate on 
the ventral side, and a semicircular opening is })resont there, 
through which the penis can bo extruded. In many sj)ecies 
the male has thicker femora in the fore-legs and stouter spines 
on the fore-tarsi, while in some s])ecies the females are winged, 
the males are wingless. 

Very little appears to be known of the internal anatomy of 
the Thysanoptera. There are two kinds of salivary glands, 
situated in the thorax and abdomen. The ducts from these 
unite and pass into a Y-shaped .structure, which leads into the 
cavity of the mouth behind the pharynx. Th(‘ j)harynx forms 
a distinct sucking apparatus ; it leads into a straight, simple 
alimentary canal. Four Malpighian tubules are present. In 
the female, the ovary is simple, with six to ten egg-tubes 
opening ventrally either between the eighth and ninth 
(Terebrantia) or between the ninth and tenth {Tubulifera) 
abdominal segments. In the male there are two testes, 
opening between the ninth and tenth segments ; accessory 
glands are also present. 

RejA*oduction is of two forms — bisexual and unisexual, or 
parthenogenetic. In the case of those forms with two sexes, 
the females are always more abundant than the males. In 
some species one male fertilizes a number of females. The 
bisexual is the normal and commoner mode of reproduction, 
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but parthenogenesis is of frequent occurrence, a number of 
species, as far as is yet known, reproducing entirely by this 
method. The female lays from 25 to 100 eggs, singly, either 
in the tissues of the plant, if she has an ovipositor, or on the 
surface, if she does not possess one. The process of oviposition 
is as follows — the ovipositor is bent down till at right-angles 
to the abdomen and then gradually inserted into the tissues. 
By successive contractions of the abdomen, the eggs are 
pushed down between the valves of the ovipositor. The eggs, 
though usually laid in the tissues of the leaf, may be deposited 
in almost any region of the plant, except the petals ; they are 
delicate and colourless as a rule, sometimes yellow or brownish, 
and either elongate-oval or bean-shaped. The length of the 
egg-stage is from three to fifteen days, varying considerably, 
even in the same species, according to the weather conditions. 
The newly hatched nymph begins to feed immediately, and 
as in the case of Aphids, the head at this stage is very large 
and the mouth-parts well developed. During the process of 
growth the thorax and abdomen develop considerably in size, 
but the head remains much the same. The eyes are not 
compound, consisting only of a few separate facets. The 
number of moults varies from three to five, but tlie usual 
number is five, the first two instars being the so-called “ larval ” 
stages, when the nymphs are active and feeding all the time. 
In the second iiistar the growth in size is noticeable and the 
facets of the eyes greatly increase in number. The first and 
second instars are of about equal length. The third instar 
constitutes the “ propupal stage, when the nymph ceases to 
feed, selecting some spot in the shade, such as the under side 
of ihe leaf, and hardly moving from that position all the time. 
It differs from the second instar form in having distinct wing- 
lobes. At this stage in some species the nymph descends 
into the soil for pupation.” In the fourth or '‘pupal” 
instar the nymph is still non-feeding and immobile, and is 
distinguished from the preceding stage by having the wing- 
lobes longer and the antennae bent back over the h^d, to 
facilitate moulting to the adult. The propupal and pupal 
stages generally last only a few days each. In the adult stage 
or fifth instar, feeding is recommenced. During the process 
of feeding, the mouth-parts are driven into the plant tissues 
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by a series of downward and inward jerks of the head, by wliich 
means the cells are pierced and lacerated, so that a “ mush ” 
of cell-sap and tissue is formed. The mouth is then closely 
applied to the puncture and the mush sucked up into the 
pharynx. On account of its short structure, the mandible is 
believed to start the puncture in the hard outer tissues, while 
the longer and more slender maxilla) are used to penetrate 
the softer substance below. By this surface-feeding, white 
spots and areas arc produced on the leaf, caused by th(‘ air in 
the evacuated epidermal cells. In some species, in the nym})hal 
stages, the liquid excreta collects into a 
drop on the end of the abdomen, and 
is finally deposited on the plant, where 
it hardens, adding to the unsightly 
appearance already produced and pos- 
sibly acting as an attraction to certain 
fungi. 

Hibernation takes place either as a 
nymph or an adult, in dead grass or 
dried plant stems, and may be in the 
place of feeding, in the soil, in lichens, 
fungi, etc. The number of broods in 
a year numbers from one to a dozen 
or so, but the number also differs in 
the same species according to the 
climate of the locality, whether tem- 
perate or tropical. Propagation of the Fia. no.— i^rvaof 7V«w- 
species is evidently carried out by the thnpajjyn. (x ai)out«o.) 
winged female, which flies to a fresh Moui^^iightiy simpii- 

plant and lays her eggs there. 

The food-plants of Thrips are very varied, consisting of most 
flowering and some flowerless plants, including many fruit 
trees, grasses and cereals, and many vegetables, and certain 
crops such as cotton and tobacco. Some Thrips are not 
herbivorous, but feed on mites and certain insects ; one has 
been t)bserved to feed on the eggs of a Curculionid, and another 
on a species of Aleurodid. 

Thrips suffer from a variety of natural enemies. These 
include the adult of Triphleps imidiosnSj Say., an Anthocorid, 
which feeds on adult Thrips, while its “ larva preys on their 
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nymphal stages. A Chalcid parasite, Thripoctenus russelli^ is 
recorded. Chrysopid and Syrphid larvae, Coccinellids and 
spiders serve to keep them down. They are also parasitized 
by Acarina, Gregarines and Nematodes, and certain fungi. 

The most important literature on this order includes, 
the works of J. Uzel (1895), Monograph of the Thysanoptera ; 
R. S. Bagnall (1908 and 1911), British species; Dudley 
Moulton (1909), Pear Thrips ; H. M. Russell (1912), Bean 
Thrips; A. Petersen (1915), Head and Mouth-parts; C. B. 
Williams (1915), Pea Thrips ; W. E. Hinds (1902), Monograph 
of the N. American species. 

The number of British species recorded up to the present 
is about 100 ; but new ones are constantly being added. 

Thrips constitute many serious pests on fruit, crops and other 
plants. They injure plants by external damage to the tissues, 
stopping the growth of the plant, causing wilting, and sterility 
of the seed, By their constant extraction of sap and chloro- 
[)hyll granules from the leaves, the Thrips interfere with the 
normal metabolism of the plant, the process of photosynthesis 
is hindered, and after a while the leaves turn yellow, wilt and 
drop off. By the leaf scars thus formed and the wounds caused 
by feeding, fungal spores and bacteria enter the plant and add 
to the destruction of tissues already caused by the Thrips. 
Thus in a short while, in some cases, the whole plant is killed 
outright. When the young seed is pierced by the mouth-parts, 
the embryo is killed and germination is prevented. Among 
the chief pests are the Citrus Thrips {Sciriothrips citri), which 
attacks oranges, grape-fruit and lemons in California and 
Europe ; the Onion Thrips (Thrips tabaci)y attacking onions 
in U.S.A., West Indies, and Tasmania, and tobacco in Russia. 
The Pea Thrips (Kakothrips robnsins) damages peas and beans 
in England and West Europe. The Greenhouse Thrips 
(Heliothrips hcmorrhouJalis) attacks ornamental plants in 
Europe and America, oranges in Italy, and eucalyptus in 
Australia. Mohthripsfasciatus attacks wheat, etc., in Eirrope 
and N. America. The Cocoa Thrips (Physopus rubrociticim) 
is a pest on cocoa in Africa, West Indies, and Ceylon. 

Thrips are a group of insects which can be really effectively 
dealt with by spraying ; a good contact spray such as Rosin 
Wash should be used. 
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The Thysanoptera were for many years divided into two 
sub-orders, but in 1911 Bagnall adtied a third, the Pohjsiigmaia . 
Thrips are classified as follows — 

I. Eleven pairs of spiracles. Hind pair of coxa' most widely 
separated. Palpi onc-jomted. 

POL Y STIGMATA . Antennae seven-jointed. Ninth 

abdominal segment elongated. Ocelli and wings 
absent. No ovipositor. Clo.sely resembling 
One family — Urothripulw, 

II. Not more than four })airs of spiracles present. Inter- 
mediate coxae most widely separated. INdpi never less than 
two- jointed. 

TUBULIFERA. Labial palpi two-jointed. Maxillary 
palpi two-jointed. No ovipositor. One family — 
Phleothripidw. 

TEREBRANTIA. Ovipositor present. Two families. 
Thripulce. Labial palpi two-jointed. Maxillary j)alpi 
two- or three- join ted. 

Molothripidw. Labial palpi two-, four- or (ive-jointed. 
Maxillary palpi three- to seven- jointed. 


Q 



ANOPLURA 


Sucking lice. 

Body flattened dorsally . Head large and distinct . Thorax 
with little sign of segmentation ; sometimes fused with the 
abdomen, which is segmented. 

The Anopluray to which the name of “Sucking Lice ” has 
been given as a distinction from the Mallophaga or “ Biting 
Lice,” are a group of small insects parasitic on the bodies of 
mammals. They are widely distributed, being recorded from 
both temperate and tropical regions. 

They are about 3-4 mm. long, somewhat flat, elongate-oval 
in form and greyish of colour : these features, together with 
the situations in which the lice are found, render them easy 
of recognition. The main characters in which they differ from 
the Mallophaga, which, though chiefly infesting birds, are also 
found on mammals, are : the head, though equally distinct, 
being smaller, and furnished with a sucking proboscis in place 
of biting jaws ; the thoracic segments being less clear and 
showing very little segmentation, while the claws in most 
cases are larger. 

The head is large, and distinct from the thorax. It bears 
short antennsp, usually five- jointed. The eyes, wanting in 
some cases, are usually black and fairly prominent. The 
mouth-parts are formed for sucking. They consist of a dorsal 
and ventral stabbing organ lying in a sac or blind pocket, 
situated below the pharynx and oesophagus; the pharynx 
is divided into two regions, termed the first and second 
pharynx : the first phar 3 mix becomes tubular as it nears the 
entrance to the mouth, where are situated a series of sharp, 
chitinous, backwardly directed hooks. The two stabbing 
organs very possibly consist of the modified maxilfee and 
labium. They are long and flexible, the upper one with a 
double groove along the greater part of its length, and the 
lower one with a single groove down its centre, and a three- 
pointed apex. When in a feeding position, the tubular portion 

226 ’ 



ANOPLURA 


227 


is thrust slightly forward ; this action brings the hooks, 
pointing outwards, into a fringe round the mouth, and enables 
them to be fixed in the skin of the host : the stabbing organs 
are then pushed forward into the skin, and saliva from glands 
situated far back in the thorax flows down the channel formed 
by the union of the two grooves : the blood of tlie host is not 
drawn up through this channel, but is sucked up through the 
pharynx. 

The thorax is a solid mass, the three segments b(‘ing seareely 
discernible. The legs are strong and of medium length, 
with one-jointed tarsi, fitted with a large claw folding back 
on the tarsus. 



/ 

.s.s 


Firj. 57. — Diagram of inouth-part.s of Pidirulus in longitiulinnl Moction. 
(ModUled from Peacock.) 

«« “ stabter sac, witfi dorsal and ventral 8t4ibl)er and tlic salivary duct, /c - fmsl canal. 
h baokwardly directed books, m ^ nniscles for the expaasion of tin; roof of the pharynx. 


The abdomen consists of eight segments of which the apical 
two are fused. There is a spiracle on segments two, three or 
six to eight. The apex of the abdomen is pointed in the male 
and more or less cleft in the female. 

From the sucking pharynx a narrow tube or gullet leads 
into a very large stomach, from which a short, narrow intestine 
leads to the rectum and anus. There are eight Malpighian 
tubules. There is a small brain, connected to the sub- 
oesophageal ganglion lying just below the stabber sac by two 
nerve cords. A single nerve cord connects the sub-oesophageal 
ganglion to the thoracic ganglion, from which nervures run 
laterally and posteriorly to the legs and abdomen. 
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The reproductive organs are simple. The female has a 
pair of ovaries, each ovary consisting of five long tubes with 
ova in various stages of development. On its way through 
the oviduct each egg is coated at its base with a portion of 
cement which emanates from glands connected with the 
oviduct. This cement fixes the egg to the cloth or hair on which 
it is laid. 

The male organs consist of a pair of testes, each divided 
into two parts ; a narrow tube connects each testis with the 
seminal vesicle, from which a narrow duct passes to the penis. 

The eggs are ovoid in shape, and have at the larger end a 
sort of lid or operculum, circular in shape and sculptured in 

the form of small no- 
dules. The situations 
chosen for oviposition 
are cloth, fibres, or body 
hairs, to which the eggs 
arc attached by means 
of the cement accumu- 
lated on them during 
their passage through 
the oviduct. Nuttall 
states that the female 
is assisted in oviposition 
by the gonopods, whieh 
clasp the hair or cloth 
fibre and direct the plac- 
ing of the egg : it is noticed that almost without exception 
the eggs are laid with their length parallel to their support. 
When laid, the eggs are creamy white and somewhat trans- 
parent, becoming more yellow and opaque as they mature. 
When the emergence of the young louse is due, air passes 
through the operculum and down through the mouth of the 
louse, coming out at the end of the body, and filling the 
hinder portion of the egg, gradually but surely pushes the louse 
forward until its head presses the operculum open ifnd its 
legs become free to grasp the supporting hair and enable the 
louse to pull itself clear of the egg. 

The newly emerged louse is whitish and has delicate integu- 
ment ; in other respects it much resembles the adults. Three 



Fia. 58 . — Phthirus pubift. (x 15, about.) 
(Slinpllflod from Denny.) 
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moults are effected during a period of from eight to eleven 
days. It is not till after the third moult that the external 
sexual characters are discernible. In normal conditions young 
lice start to feed within an hour of hatching, and if unable to 
obtain nourishment for twenty-four hours, die. The nu‘thod 
of feeding is simple : the fringe of teeth round the edge of the 
mouth are fixed into the skin of the host, forming a leverage 
against wliich the louse is enabled to force its stabbing organ 
into the flesh ; saliva flows down tlie channel formed by tlu^ 
two stabbing organs, and, mixing with the blood of the host, 
stimulates its flow to tlie wound and prevents 
it from clotting ; the blood is then sucked up 
through the pharynx. The pumping action 
which causes the blood to flow uj) the pharynx 
is, in fairly transparent specimens, plainly 
visible as an expanding and contracting move- 
ment which also contiimes in waves along 
the alimentary canal. 

In the case of Pediadus, egg-laying com- 
mences two or three days after maturity has 
been reached and extends over a period of from 
twenty to thirty days ; six to ten eggs being 
laid per day. The average life of a male 
louse is four weeks, and of a female five 
weeks. Lice are fairly active, but must have kkj. 
warmth to enable them to live. They are 
found wherever there are poor, overcrowded ( x 30, hIk)u<.) 
conditions and lack of proper cleanliness. 

Dalla Torre, in his classification of this order, divides it 
into four families : — 

A. Legs not provided with clasping claws ; tibiae and tarsi 

slender, the latter without any thumb-like process. 

Mouth at the extremity of the long tubular process. 

Hceirmtomyzidm. Antennae five- jointed. Including 
the Indian Elephants’ Louse (HcemaUmyzus 
elephantis). 

B. Legs with clasping claws ; tibiae stout, with a thumb-like 

process. Antennae three- to five-jointed. Body 
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flattened. A stigma on the mesothoracic and abdo- 
minal segments three to eight. 

Pediculidee. Eyes large, dark, prominent. 

Ilcematopinidm. Eyes obscure or absent. 

C. Echinophthiriidee. Antennsc four- to five- jointed. Body 
thick and plump. A stigma on the meso- and meta- 
thoracic and abdominal segments two to eight. Head 
wide, eyes absent. Body sometimes covered with 
thick spines. 

Hee^natopinidee contains the lice most commonly found on 
animals such as rats, pigs, elephants, etc. 

Echinophthiriidee is made up of three somewhat aberrant 
genera, the species of which infest seals and walrus. 

The Pediculidee is split up into two sub-families : 

Pedicininm and Pediculmw, The Pediemme occur on 
monkeys, while the Pediculinwy of greater importance than 
any of the other families, contains the species j)arasitic on man, 
and is divided into two genera, Pediculus and Phihirus. 
Pediculus contains the body louse (P, hmanus) and the head 
louse (P. capitis), Phihirus contains the crab or pubic louse 
(P. pubis). 

The most important work on the classification has been done 
by Dalla Torre, 1909 {Genera Inseciorum, Fasc. 81). 

Much work has been done on this family, botli in its morpho- 
logical and economic aspects: Cholodkovsky (1903), Ender- 
lein (1904), Neumann (1909), Kellogg and Floyd (1915), 
Cummings (1916), Peacock (1916, 1918), Bacot (1907), 
Harrison (1916), Nuttall (1917, 1918), Lloyd (1919), 

Florence (1921), 

Apart from the unpleasantness caused by their association 
with man, lice have to be considered in a far more serious 
aspect, it having been proved beyond all doubt that they are 
the transmitters of typhus, trench fever and relapsing fever. 
During the early part of the Great War lice became a serious 
factor against the welfare and success of the troops, and it 
was discovered that they were the agents in the spreading of 
trench fever ; while in the prison camps of Germany the cases 
of typhus and relapsing fever were terribly increased by their 
aid. Among the civil population also the presence of lice 
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has for long been a problem. In areas where bad lioiising and 
poor, overcrowded conditions exist, lice aj)poar and multiply 
exceedingly. The heads of children, unwashed and uneared 
for, become infested with P. capitis ; while the body louse, 
and to a less degree the crab louse, breed in the clothing and 
on the bodies of man. Should typhus break out in such 
conditions, its rapid spread would be an easy matter. Better 
housing and increased facilities for personal cleanliness will do 
much towards the eradication of these dangerous insects, 



EHYNCHOTA (Hemiptera) 


Bugs, etc. 

Two pairs of wings ; mouth-parts formed into a rostrum, 
containing fused stylets, without palps. Antennae simple, 
usually two to ten joints. No metamorphosis, the wings 
developed as lobes outside the body. 

In the main, this group is recognizable at sight by the 
mouth-parts ; the wings differ so much that, while useful for 
recognition of sub-orders or families, they cannot be shortly 
defined as a character of the order. Colour is largely cryptic, 
green, brown, dead-leaf, black, according to the habitat: in 
some, violent warning colouring ; in the smaller forms, there 
is no colour scheme. 

The head is well developed, usually free, in some forms 
sunk in the thorax, in the Coccids not distinct ; the antennae 
vary from the tiny bristle of the Homoptera to the long, free 
feelers of the Coreids. In the aquatic forms they arc short, 
and lie in grooves of the head. 

Compound eyes develop in the nymphs and two or three 
ocelli : the adult degenerate female {Coccida^) may have only 
ocelli. 

The mouth-parts are extremely uniform and characteristic. 
The mandibles and maxillae form fine stylets which unite in 
the groove of the labium, constituting a single fine piercing 
organ. The two interior portions (maxillae) form a dorsal and 
ventral duct. The outer portions (mandibles) are locked to 
the inner portions, but have a sliding motion along them. The 
labrum is short, lies over the labium and covers it dorsally 
only at the base. The labium may be very short as in Coccids, 
or long and jointed as in Pentatomids. It is straight, 
stretching as far as the hind coxae, or farther in the herbiworous 
Heteroptera, short and curved in the predaceous Beduviids 
and aquatic Heteroptera, No palps occur. The mouth-parts 
function as a sucking apparatus with the sucking pharynx 
and as a saliva injector actuated by the salivary pump situated 
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in the head. In most the piercing portion is pushed outwards 
and inwards by muscles in the head, but in Coccids the joint 
mandibles and maxillae are so long that they lie in a vertical 
sac in a long loop, and the actual muscular apparatus that 
inserts them into the plant and retracts them appears to be 
in the short labium. (Awati (1913), Davidson (1913).) 

The prothorax is large, distinct, and sometimes spined. 
Tiic mesothorocic scutellum is very large in Pentatomids. 
Wings in Heteroptera lie flat on the abdomen, the first pair 
thickened at the base and lying across each other. In 
Ilomoptera they lie at an angle, not crossing, free of the 
abdomen, and are of one thickness. They vary in the last 
four families. The second wings are large, hyaline, and folded 
longitudinally. Neither pair of wings are functional in some 
forms, but in most both pairs function in flight. 

There are usually eight visible abdominal segments. Spiracles 



Fio. 61. — Hoad of a Pentatomid, showing tho lierbivorous type of rostrum. 

occur on the thorax and six or seven abdominal segments. 
These are reduced in number in Aleiirodidm and Coccidw. 
The aperture of a stink-gland is found on the metasternum of 
some adult forms, and in these species usually on the third 
and fourth abdominal tergum of the nymph. Legs are usually 
of the running type, the hind-legs for swimming in the aquatic 
forms, the fore-legs for digging in the Cicada nymphs. They 
may be absent in female Coccids. In Fulgorids, Cercopids 
and Jassids the hind-legs are formed for leaping. 

There is no simple means of sex differentiation in many 
families of the Heteroptera : Capsids, the aquatic Heteroptera, 
the Homoptera have a large retracted ovipositor, easily «seen. 
Male Coccids often have a large penis. Except in the last 
family, there is little sexual dimorphism. 

The alimentary canal is marked by the sucking pharynx, 
absence of gizzard, and otherwise simple character. Salivary 
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glands and receptacles are well developed. The tracheal 
system is normal, reduced only in the Coccids and Aleurodids 
The nervous system is not concentrated, and the sense organs 
arc limited to eyes, ocelli, taste and touch hairs, and a largo 
taste plate just anterior to the pharynx. Sound production 
IS a feature only of Cicadids and Corixids, and definite sound- 
perceiving organs are probably 
limited to simple chordotonal 
organs in the aquatic CVyp/o- 
ccTQid and possibly in Cicadas 
The life-history is uniform in 
all but the Coccids, I’syllids, 

Aleurodids and Aphids. Eggs are 
laid on or in plants. There are 
five nyrnplial instars with wing- 
lobes in the last two. Adult.s are 
of both sexes ; the life of the 

imago is long, reproduction occupies a 

there is little difference in habits between nym])h and adult . 
Hibernation is usually as an adult, but this does not hold 
with Coccids, Aphids, etc. Nearly all fall into one of four 
groups : 

(a) Active forms, found by day on plants ; herbivorous or 
carnivorous. 



considerable tinu*, and 


(6) Active nocturnal forms, herbivorous. 

(c) Aquatic diurnal carnivorous forms, which fly at night. 

(d) Parasitic forms living in colonies on plants,’ with more 
or less modification of structure and life-history in accordance 
with the degree of immobility. 

Food is the liquid extracted from plants, the blood of 
mammals, the liquid extracted from insects. 

Checks include egg parasites (Chalcids), Dryinids, Slrep- 
siptera, Tachinids and other nymph parasites, as well as 
Coccmellids, Syrphids, Chrysopids, Hemerobids, in the case 
of the smaller inactive species. 

Aik unusual feature, in the Hormptera, is an organ called the 
pseudovitellus or mycetoma, whose function is not known. 
It contains organisms similar to yeasts. Sulc, Pierantoni 
and Buchner have written about these, and there is evidence 
of a symbiotic relationship, beneficial to both. The organ 
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and its flora is inherited. In some families it is a large and 
conspicuous part of the abdomen. 

This order is widespread, both in the tropics and temperate 
regions. It includes a great number of species. Lethierry 
and Severin catalogued Heteroptera. There is a special litera- 
ture on Coccidm and Aphidw, and individual families must be 
consulted for monographs. The authorities include Distant, 
Kirkaldy, Bcrgroth, Stal, as well as special authorities on the 
Coccidm and the like. Except the last four families, there is 
not a great literature apart from purely systematic works. The 



Fio. 03. — Wings of Hemiptera. A. Anthocoricl. B. Capsid. 

d - claviw. c “ onibolium. co - corlum. cu « cuncus. cm - colls of nionibranc. 
m =» membrane. 


group is uniform, with little diversity of habits, and not 
attractive to entomologists. Catalogues and similar reference 
books are therefore few. 

The economic importance is due to the great number of 
plant-sucking species, which are now being identified as earriers 
also of plant disease. The important families are Penta- 
tomids, Lygaeids, Pyrrhocorids, Tingids, Capsids, and the 
whole Homoptera, Coccids and Aphids are the two most 
important families. Cimicidee include the Bed Bug, probably 
a carrier of disease in man. Eeduviidce are mainly beneficial 
as preying on other insects, but some may transmit disease in 
vertebrates. 

Butler (1923) has dealt at length with the Biology of the 
British Heteroptera, 
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Sub-Order 1. HKTEBOPTEBA 

Base of hemelytra thickened. Front of head not touching 
fore -coxae. Rostrum free. 

(a) GYMNOCERATA 

Antennae conspicuous. 

PeNTATOMIDvE. 

Shield bugs. 

The mesothoracic scutellum large, covering the abdomen 
to the middle point or wholly. 

This large family is easily recognized. In size the s])ecies 
vary from a quarter of an inch to over an inch, ('olouring is 
cryptic (greens, browns, dry-grass colour- 
ing and the like), or violently warning. 

The colour scheme may vary with each 
instar. The body is usually flat : the 
antennae are well developed ; wings and 
tegmina are used in flight, but the latter 
may be absent in the forms which have 
the scutellum covering the body. Sex 
recognition by external characters is 
usually impossible. 

The life-history Is that of the group. 

The eggs are upright, shaped like a barrel, 
with an upper lid. They arc laid in 
clusters on the plant. Habits divide the 
group into three : the common tropical 
ones live in the open on plants, in all 
stages ; the less common ones live on 
plants, but feed on caterpillars ; the still 
less (^mmon species, which may become 
enormously abundant, live by day in the soil and emerge at 
night. Some mimic Scarabeids very closely, and have well- 
developed burrowing legs. Scent production is a common 
protection. 



Fig. 64. — Sliicld Bug 
(Pentatomidffi), Zk- 
rona interstinctum L. 
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The sub-families of the Pentatomidce have been monographed 
by Schouteden in Genera Insectorum^ Fasc. 24 (1904 and 1906), 
30 (1905), 62 (1907) and 163 (1913). 

There are thirty-eight British Pentatomids. 

A few species are of economic importance when numerous ; 
they are included in the following genera : Antestia spp. are 
pests of coffee bushes. Bagrada attacks crucifers, as does also 
Eurydenm and Murgantia. Wheat is attacked by Chlorochroa 
and rice by Nezara and Podops. Dolycoris is injurious to 
sunflowers. Cotton is attacked by Peniaiowa. 


Coretd;e. 


Leaf -footed bugs. 

Antennae inserted above a line drawn from the eyes to the 
base of the rostrum. Scutellum small. Rostrum not 
curved. 

This is a large and widely distributed family of insects 
ranging in size from a quarter to one and a half inches : many 
are broad and somewhat lieavily built, while others are more 
slender. Bright colouring is not often seen in this family, the 
majority of its members being dull brown or green, in many 
cases resembling dried leaves or grass. 

The head is small and set somewhat deeply in the prothorax. 
The antennae are four-jointed and moderately long ; the 
rostrum also is four-jointed. The large prothorax and the 
abdomen arc often furnished with lateral spine-like processes. 
The legs, especially the posterior pair, are in many cases 
expanded in a leaf-like fashion, a feature which gives rise to 
the name of “leaf-footed bugs.” The hemelytra cover the 
wings, which are often used. The dorsal surface of the 
abdomen, only seen when the insect is in flight, is in many 
cases brightly coloured. 

The life-history is typical of the group. The eggs are of 
two types: (1) oval and flattened, without ornamentation; 
(2) more elongate, upper surface not flattened. They are laid 
in clusters on the plant. The resulting nymphs undergo five 
moults before attaining maturity; the wing-lobes do not 
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appear until the third moult. Stink glands are present in 
the nymphs on the dorsal surface of Ihe abdomen. Tl,e linbits 

;LntTp - 

Twenty-four species are found in Britain. 



ThLs family is not of great economic importance • a few 

Xnir’ar^TT’ iT f'«cwbitaceouH 

p ants are attacked by species of Anasa and Leptoghsms- 
pulse crops by species of CJavigrana, and species of Leptocorisi 


Berytid^e. 


bniii consists of a few insects of delicate and slender 

build They bear considerable resemblance to the smaller 
toreids, but may be distinguished from them by the longer 



240 


MANUAL OF ENTOMOLOGY 


legs and the knobbed apices of the femora. The colouring 
is usually unobtrusive. 

Up to the present they have been somewhat overlooked, 
and little is known of their life-history ; but it is reasonable 
to suppose that their habits are similar to those of the 
Coreids. 

There are eight British species of no economic importance. 


LvoiEiDiE (Myodochidce, Colohatlirisiidce). 

Antennae inserted on the side of the head. Ocelli present. 

A large family, widely distributed throughout the world. 

Many of these insects canncft easily be distinguished from 
many of the smaller Coreids ; but as a rule the antennae are 
obviously inserted on the sides of the head, nearer the eyes 
than in the Coreids. The venation of the membranous part 
of the hemelytra also differs, for in the Lygaeids there are two 
basal cells which are wanting in the Coreid venation. Large 
size is not a characteristic of these insects, few being over half 
an inch in length. The colouring is variable, in some cases 
being vividly warning, and in others, dull, cryptic brown or 

gr^y- 

The head is of moderate size, with compound eyes, two 
ocelli and fairly long antennae. The rostrum is straight. 
The legs are long. Sex recognition by external characters is 
very difficult, if not impossible. 

The life-histories of few species have been worked out. 
Oval eggs are laid in clusters, either on the soil or on the food- 
plants. Some species are undoubtedly plant-feeders, and a 
few are known to be predaceous : but the habits of the majority 
remain a matter of conjecture. Both adults and nymphs are 
found in a variety of situations : in grass and low herbage, 
among fallen leaves, and on tree trunks, in some cases. 

There are sixty-six British species, all of which are small, 
dull-coloured forms. 

There are a few Lygseids of economic importance, such as 
species of the genus Blissus which attack wheat. Oxycurcenus 
and Oncopeltus are serious pests of cotton as they not only 
suck the seeds, but stain the lint with their excreta. 
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PyRRHOCORIDvE. 

Like Lygaeidse, but without ocelli. 

This family contains about 300 species, widely distributed 
throughout the world. They are as a rule larger, from a 
quarter inch to two inches in length, and more brightly coloured 
than the Lygaeids, to which in general characters they are 
similar. The chief point of distinction between the two 
families is the absence of ocelli in the Pyrrhocorids. In sevcTal 
species the membranous portion of the hemelytra is eitluT 
much abbreviated or entirely wanting, and the wings also 
are absent. External sex recognition is difficult, except in 
the case of Lohita grandis^ in which the male has an abdomi'n 
of about twice the usual length, and very long antenna'. 

As far as is known the life-history is more or less that of the 
group. Eggs are laid on plants or on the bare ground. Both 
nymphs and adults are, as far as can be ascertained, plant- 
feeders, and may usually be seen feeding openly on the food- 
plants. The number of broods a year varies according to 
species and climate. One species is gregarious and has been 
found living together in great numbers in depressions on the 
bark of trees. Dysdercus cingulatm also is often found living 
gregariously on the silk-cotton plants in India. Jn common 
with Lygaeids, Coreids,ctc., Pyrrhocorids possess glands which 
secrete an odoriferous fluid. 

There is only one British species, belonging to the genus 
Pyrrhocoris. 

Regarding economic importance, the only species which 
can really be termed pests are contained in one genus 
(Dysdercus), These few species are known as the “cotton 
Stainers ” and do considerable damage to the cotton in the 
bolls by staining it a reddish tinge with their excreta. It is 
also thought that they stain the cotton fibre before the boll 
opens,* by introducing a fungus through the medium of the 
rostrum. There are about twelve species of these “ stainers,” 
of which perhaps the most important are D. cingulalus in 
India, D. rujicollis in the West Indies, and D. mturellus in 
U.S.A. 

R 
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T1NGID.E. 


Lace- wing bugs. 

Hemelytra reticulate. Pronotum usually with reticulate 
markings extending on lateral leaf -like expansions. Tarsi 
two -jointed. 

A family of moderate size and fairly wide distribution. 
Tingids are inconspicuous little insects, few of them attaining 
a length of a quarter of an inch. In spite of their dull colouring 
they will, on closer examination, be found to be very beautiful, 
owing to the intricate reticulation of the hemelytra, a feature 
giving rise to the name of “ lace- wing bugs.” 

The head is small and in many cases covered by the prono- 
tum, which usually has lateral, leaf-like expansions, gracefully 
reticulated. With the exception of one genus (Piesma), the 
pronotum extends down over the scutellum, concealing it. 
Piesma is also the only genus in which ocelli are present. 
The third joint of the antennae is usually very long, and the 
apical joint is frequently somewhat clubbed. The rostrum, 
when at rest, lies in a deep groove. 

All, so far as known, are plant-feeders. Some species are 
gregariously inclined. The eggs are usually laid on plant 
tissues ; the nymphs feed openly on the plants. 

There are twenty-two British species. 

Economically this family is of little importance, there being 
but few species recorded as pests. attacks pear in 

Europe, and members of two genera, Leptobyrsa and Stephanilis, 
damage the leaves of rhododendrons. 


ARADIDiE. 

Broad, flat insects. Scutellum long. Abdomen pro- 
jecting beyond at the sides. Tarsi two-jointed. 

» 

This family, which has a wide distribution in both temperate 
and tropical regions, consists of about 300 flat, obscurely 
coloured little insects. They are all easily recognized by the 
fact of their flatness and having the apex and sides of the 
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abdomen extending beyond the hemelytra and being visible 
from above. The colouring is black or brown. 

The antennae are four- jointed, somewhat short and thick. 
There are no ocelli. The scutellum is rather long and the 
abdomen is often sculptured. The fore-legs are inserted on 
the disc of the prosternum. The hemelytra lie flat on the 
abdomen, but, as stated above, do not entirely cover it. 

The habitat of both nymphs and adults is usually under 
bark, but they have also been found in decaying wood, under 
stones, or among fallen leaves. Little is known of the life- 
history. The nymphs are in some cases more brightly coloured 
than the adults ; an instance of this may be seen in Aimirvft 
IrpviSy a British species. A definite statement as to the food- 
habits cannot yet be made, but fungus growths under bark, 
etc., probably form the greater part of their diet. 

There are six British species. 


Hebrid;e. 

Small. Body clothed below with dense, silvery pubescence. 
Antennae five -jointed. 

This family contains only about a dozen species, all of which 
are very small and inconspicuous. The silvery pubescence on 
the underside of the body should render these insects easy to 
recognize, as they differ from the Hydrometrids in having five- 
jointed antennae. 

Little is known of the life-history and habits. They are 
usually found in wet moss. 

There are two British species, both belonging to the genus 
Hebrus. 


HYDROMETRIDiE. 

Antennae four -jointed. Tarsi two -jointed. Body clothed 
beneath with silvery, velvety pubescence. Live on the 
surface of water. 

This family contains some 160 species, widely distributed 
throughout the world. They vary considerably in form, but 
are all of dull colouring, being usually grey, black, or yellow- 
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ish. Some are quite small ; others are over an inch in length ; 
the majority are elongate and narrow. 

In most cases the antennae are long and the eyes well 
developed. The rostrum is short and curved. Nearly all 
are winged, and the hemelytra are usually without any mem- 
branous portion. In the genus Halobates both hemelytra and 
wings are absent, and the meso- and meta-thorax are very 
closely united, forming the major part of the body, the abdomen 
being very small. Generally the abdomen is of normal 
structure, and the body is clothed beneath with a dense, 
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silvery pubescence of a velvety nature. The legs are usually 
long, especially the intermediate and posterior pairs ; in some 
species they are very long. The fore-legs of some species are 
prehensile. 

These curious insects live on the surface of the water in 
ponds and streams. The majority have the unusual habit of 
walking and running on the surface film without breaking 
through. Some species drown if submerged ; others are able 
to go beneath the surface, taking a supply of air with them. 
They sometimes leave the water, walking on plants by the 
bank. Some are very active, others more sluggish. They are 
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predaceous, feeding on small insects that chance to fall into 
the water. 

The eggs are usually encased in a gummy secretion and 
attached to the stems of submerged plants. 

The genus Halobates is entirely marine ; specimens have been 
found on the surface of the sea 500 miles from the land. In 
rough weather these insects are said to go below the surface. 
Their food is either recently dead organisms or the smaller 
forms of jelly-fish. Eggs have been found laid on a floating 
feather, and in one instance a female has been found with eggs 
attached to her body. 

There are fourteen British Hydrometrids. 

HENK’OrEPHALID/i:. 

Head long, divided into two distinct lobes. Rostrum short, 
curved. Hemelytra membranous throughout, conspicuously 
veined . 

A small but widely distributed family of one genus, con- 
taining about a dozen species. TJiey are small, (‘longate 
insects allied to the Reduviids, but may easily be distinguished 
by the curious formation of the head, which is swollen, globe- 
like, behind the eyes. Ocelli are situated on this globular 
part : the antennje arc placed on the front portion. The 
rostrum is short and curved. The somewhat large hemelytra 
are membranous throughout and distinctly veined. 

Judging by the shape of the rostrum, these insects are 
probably predaceous. They have been found in damp, 
decaying vegetation. Westwood says they are inclined to be 
gregarious, and have been seen dancing in the air, like midges. 

There are no British representatives, the nearest species 
occurring in Southern Europe. 

PHYMATIDi®. 

For^-legs short and stout, femur broadened, tibia curved 
and pointed, pressed tightly against femur. Tarsi absent 
in some cases. 

This family, which is fairly widely distributed in both 
temperate and tropical regions, contains from 90 to 100 



246 


MANUAL OF ENTOMOLOGY 


species. They are very curious insects and little is known 
about them. 

The structure of the fore-legs is very unusual, especially in 
some forms in which the tibia is articulated to the femur in 
such a way that a pincer-likc structure is the result ; in these 
forms, as well as in some others, the tarsi are wanting. In 
some species the fore-legs are raptorial. The intermediate and 
posterior legs are of normal character. The eyes are large 
and somewhat prominent. The pronotum and sides of the 
abdomen of some species are furnished with spines. 

It is believed that these insects are predaceous, and indeed 
one species at least is known to capture and suck honey-bees. 
There are no British species, the nearest occurring in France. 


Reduviid/K. 

Rostrum curved^ usually stout, not closely pressed to the 
prosternum . Head usually elongate . 

A large family containing some 2,000 species, widely distri- 
buted in both temperate and tropical regions. 

Reduviids are usually about half an inch in length, but 
many are only a quarter of an inch long, while others may 
attain the length of an inch. In colour they are either dull 
or vividly warning, many being bright red and black. They 
vary greatly in form, some resembling other bugs such as 
Coreids, Pyrrhocorids, Lygaeids, while others are very like 
certain flies, ants, etc. 

The head is usually long, with a short, somewhat stout 
three- jointed rostrum, which is curved, and not pressed closely 
against the prosternum. The compound eyes are placed at 
a considerable distance from the pronotum. Ocelli, when 
present, are placed behind the eyes. The antennae, usually 
of moderate length, are sometimes very long, and in some cases 
hairy. The prothorax is well developed and often bears a 
transverse constriction in the middle. The hemelytfa con- 
sist of three divisions and wings are usually present ; but some 
females are wingless. The legs vary considerably ; in some 
species, which resemble flies such as Tipulids, they are very 
long and slender, and in many cases hairy. Some forms have 
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the femora and tibia> spined, while the fore-legs are often 
dilated and spined. 

Although so large and curious a family, little is known of the 
life-history. As far as has been ascertained, eggs are laid in 
clusters on plants, etc. They are cylindrical, with a lid at one 
end for the emergence of the young Reduviid. It is said that 
in Brazil the nymphs of the genus GhilmneUa\ which are of 
very slender form, are carried about by the female, the elongate 
nymphs curling their abdomen round her body. The nymphs 
of one of the British species, 

Nabis lativentris, greatly re- 
semble ants, with which they 
run about on plants. 

The majority of the Redu- 
viids are predaceous, catching 
other insects and sucking their 
juices. A few species are be- 
lieved to be herbivorous. Many 
emit an odour, more or less 
unpleasant, and some of the 
more powerful forms are pos- 
sessed of a somewhat poisonous 
bite, and do not hesitate to 
attack man. Some species of 
the genus Conorhinus are found 
in houses, where the young have li?.— Typical Heduviid 

been seen with a covering of (a}>out r»at. hWa^). 

dust, etc., adhering to the body. 

These may have an importance in the transmission of disease 
organisms. Reduviids are, as a rule, both diurnal and nocturnal 
of habit. Hibernation usually takes place in the adult stage. 

There are eighteen British species. 

On account of their predaceous habits Reduviids arc possibly 
beneficial. 

SALDIDiE. 

Rostrum curved, long. Ocelli placed between the eyes. 

A family of about 100 species, fairly widely distributed. 

Saldids are dark-coloured, active little insects, with a long, 
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curved rostrum and prominent eyes, between which latter, 
ocelli are placed. The scutellum is large. The hemelytra, 
which entirely cover the abdomen, are without a cuneus. 

These little insects lead a semi-aquatic life in wet moss and 
material of a similar nature. They are very active, and may 
often be seen running and jumping about on wet mud. They 
are able to fly, and some species are attracted by light. Nothing 
is known of the earlier stages. There are nineteen British 
species, all of which belong to the genus Saida. 


Afil’OPHILIDiE. 

Head short. Hemelytra short, wings absent. Marine. 

One species, Aqmphilm bonvairei, comprises this family. 
It is a small insect, spending the greater part of its life covered 
by the sea (c.f. Aepu^y Carabid(p). It has a very short head, 
without ocelli. The hemelytra are very short and wings are 
entirely absent. It occurs most frequently on the shores 
of Western France, where it is nearly always covered by 
the water. It very possibly lives on small soft marine 
animals or on Algoe. It has been found on the South Coast 
of England and the East Coast of Ireland. 


CERATOCOMBIDiK. 

Hemelytra with cuneus and embolium. Antennae with 
the two apical joints long and slender, with long hairs. 

This is a small family containing about thirty minute 
species. The head is somewhat prolonged in front, with the 
eyes set rather far back. Ocelli are present. The tarsi are 
three-jointed. 

Little is known of the habits or life-history. The afclults 
have up to the present been found only in damp situations, 
such as moss, dead leaves, etc. There are only three British 
species, which by some authors have been included with the 
Cimicidce. 
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CiMiciD.^:. 

Body very flat. Hemelytra and wings practically absent. 
No ocelli. 

This family contains only about a (lo7x*n species, most of 
which are widely distributed. 

They are small, reddish-brown insects, round in shape and 
very flat. The head is short and broad, with four- jointed 
antennae and somewhat prominent compound eyes , there ari^ 
no ocelli. The rostrum rests in a groove beneath tlie head. 
The prothorax is well developed. The legs are moderately 
long, with three-jointed tarsi. The liemelytra are very rudi- 
mentary and wings are absent, so that tlic broad, flat abdomen 
is left uncovered. 

All the members of this family are parasitic on the bodies 
of mammals and birds. The ill-famed bed-bug (Cimex lectu- 
larius) belongs to this family, and is often found in the habita- 
tions of man. The life-history has been worked out. Oblong, 
sculptured eggs are laid in cracks of furniture, flooring, etc. ; 
they are provided at one end with a lid for the emergence of 
the nymphs, which takes place in from five to ten days after 
the laying of the eggs. Five moults are undergone before 
maturity is reached, and in favourable conditions are eflected 
in two months ; but the life-history can be greatly prolonged 
should the conditions be unfavourable. During cold weather 
the bugs become torpid, laying up in cracks, etc. Before each 
moult, and before the process of egg-laying, a meal of blood 
seems to be required. When the bug wishes to suck blood, it 
injects saliva into the wound made by its piercing organ, 
causing a flow of blood to the spot, enabling the bug to gorge 
itself unhindered. Bed-bugs are nocturnal, hiding away in 
cracks and crannies during the day. They are possessed of an 
offensive smell. Cockroaches and Red Ants are the best- 
known natural checks on these noisome insects. 

Other members of the family infest birds and bats, and in 
general characters are similar to the bed-bug. 

Four species are found in Britain, of which the notorious 
C. lectularius is the best known. 

Beside the mere fact of their unpleasantness, bed-bugs are 
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regarded with great suspicion, as they might well be the 
carriers of some dread disease ; but so far no definite accusation 
can be made, except in India, where it is stated that these bugs 
aid in the transmission of “ kala-azar.” 


ANTlIOCORIDiE. 

Hemelytra with embolium and cuneus. Ocelli present. 
Head produced in front. Third and fourth joints of antennae 
not twice as long as first and second together. 

This family comprises some 300 small insects of wide 
distribution. They are usually dull coloured and incon- 
spicuous. 

The head is produced to a point in front. Ocelli are present 
and the eyes are set not far from the pronotum. The antennae 
are of moderate length. The hemelytra have both cuneus and 
embolium ; in a few cases they are somewhat abbreviated, the 
membranous part being absent. The legs are of moderate 
length. Some species live under bark, others oecur in ants’ 
nests ; the majority are found on flowers, where it is considered 
they feed on pollen. A few species are definitely known to 
capture and suck Thrips. 

There are twenty-nine British species. 


POLYCTENIDiE. 

^Hemelytra short, undivided. Antennae four -jointed. 
Rostrum three -jointed. Body hairy. Tarsi four -jointed. 

Only seven species are known of this curious family. Beyond 
the fact of their being found on the bodies of certain bats, 
little is known about them. One species, Polyctenes lyrm, has 
been described as being elongate and flattened, with the 
head divided into two portions, and the upper surface of 
the body clothed with minute hairs. Westwood figures P. 
fumarius with the intermediate and posterior pairs of legs 
very long. 

No species have been recorded from Britain. 
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Capsids (Mirida ), 

Hemelytra with cuneus, no emboHum. 

This family is one of the largest and most widely distributed 
of the Hemiptera. 

Capsids are small to moderate sized insects, with rather more 
delicate integument than most of the other families. Bright 
coloured species are not often seen, the majority being dull 
yellow, green, brown, etc. They vary in shape, some ))eing 
narrow and elongate, while others are of more oval form. 



Fig. 68. — A Capsid. 


The head is distinct, with four-jointed antenna?, of which 
the basal joint is in many cases dilated. The eyes are well 
developed and ocelli are present in some species. The rostrum 
is fdur- jointed and more or less closely applied to the proster- 
num, but not in a groove. The hemelytra and wings are some- 
what large. The embolium is in some species partially present, 
but in no case is it entirely so. The legs are slender and 
moderately long. Capsids fly readily, are active, and many 
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have the power of leaping like the Halticids. The species of 
one genus, Hehpeltis, have a curious structure resembling a 
pin, projecting up from the scutellum. 

The majority of Capsids are herbivorous, occurring in grass 
and low vegetation. A few species are thought to be pre- 
daceous. 

Eggs are laid in plant tissues, the female being provided 
with an extrusible ovipositor for this purpose. In some cases 
the eggs are provided with a converging long and short pro- 
cess, the ends of which are exposed and not buried in the plant 
tissues with the rest of the egg. The nymphs usually undergo 
five moults. 

There are 176 British species. 

A considerable number of Capsids are of economic import- 
ance, as they are injurious to various crops. Species of 
Caheoris are injurious to hops, millet and beet. Two species 
of Disphinctus are injurious to the betel-vine and cinchona. 
Dicyphus spp. attack tobacco. Helopeltis theivora is the 
“ mosquito blight ” of tea in India. Heterocordylus contains 
species which attack plum and apple trees. Several species of 
Lygus are injurious. Oncognathns and Orthotyhs also contain 
injurious species. Plesiocoris sp. is a pest of apples. Poecilo- 
capsus sp. attacks potato and gooseberry. 


(6) CRYPTOCERATA 

Mainly aquatic. Antennae concealed. Front of head 
touching fore-coxae. 


PELOGONiDiK (Gdgulidw), 

Body short and broad. Head very broad, with prominent 
eyes ; ocelli present. Posterior legs thin, formed for 
running. 

A small family of about twenty species widely distributed 
over the world. 

They are small to moderate sized insects, broad and flat in 
shape and dull of colour. The head is very broad, with the 
eyes large and prominent : ocelli are also present ; the body 



RHYNCHOTA 


253 


as a whole is short, broad and compact. The posterior legs 
are somewhat long and formed for running. The fore-legs of 
some species are raptorial and have the femora dilated. 

Pelogonids are only semi-aquatic in habit, and are usually 
found on damp mud, etc., near streams. On land they are 
very active, running and leaping readily ; but in the water tlieir 
movements are awkward, as they are obviously not adapted 
for swimming. The life-history is not known ; in all prob- 
ability they are predaceous. 

There are no British species, the nearest representative of 
the family occurring in the south of Europe. 


Nkpti);e. 

Water scorpions. 

Fore-legs raptorial, attached to front of prosternum. 
Abdomen terminated in a pair of respiratory processes. 

This is a family of curious insects found in fresh water. They 
are widely distributed. Recognition should be easy, for they 
are all flat dingy insects, with large raptorial fore-legs. In 
shape they are either elongate-oval (Neqya), or elongate and 
narrow (Ranatra). The rostrum is short ami powerful and 
the eyes well developed. The pronotum is well developed. 
The hemelytra entirely cover the abdomen and wings. At tlu^ 
apex of the abdomen there are two long fi lament- lik(» 2)ro- 
cesses, which, fitting together, form a tube for the i)assage of 
the air to the spiracles under the hemelytra. In many cases 
the dorsal surface of the abdomen, seen only when the heme- 
lytra and wings are apart, is brightly coloured. The inter- 
mediate and posterior legs are of moderate length. These 
curious insects live in shallow, fresh water, preferring that 
which is nearly stagnant. 

The eggs are curious, being provided at one end with a 
number of filaments, of which there are two in the genus 
Rancdray and seven in Nepa. It is supposed that a supply of 
air is conveyed to the body of the egg by these filaments. The 
eggs of Nepa are laid in the stems of submerged plants, with 
the ends of the filaments projecting. Ranatra eggs are more 
usually laid in the stems and leaves of floating plants. 
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Both nymphs and adults are predaceous, catching and 
sucking the small forms of aquatic life. They are somewhat 
sluggish, clinging to weeds, etc., for long periods. 

There are two British species, one belonging to and 

the other to Ranatra. 


Nauoorid;e. 

Posterior tibiae spiny. Fore-legs inserted on disc of 
anterior margin of prosternum. 

A small but widely distributed family of aquatic insects of 
moderate size and compact build, usually dull brown or black 
in colour. 

The head is somewhat sunk into the thorax ; the eyes are 
well developed. The fore-legs are more or less raptorial ; the 
middle and posterior legs are formed for swimming, the pos- 
terior pair having the tibiae spiny. The hemelytra cover the 
abdomen and probably hold a supply of air. 

Beyond the fact of their being predaceous and living in 
fresh water, little is known of the Naucorids. They are much 
more active than the Nepids. 

There are two British species, of which one, belonging to 
the genus Nancoris, is quite common. 


Belostomid^e. 

Posterior tibiae flat, with swimming hairs. Antennae 
four-jointed. Fore-legs inserted on disc of anterior margin 
of prosternum. 

This family, which contains the largest of the Hemipterous 
insects, is widely distributed, but chiefly occurs in tropical 
regions. The species of the genus Belostoma are very big, one 
at least being from 4 to ^ inches long. There are other 
species of more moderate size. All are dark brown or black. 
In shape they are elongate-oval and somewhat flattened. 

The head is set deeply in the thorax. The eyes are large 
and prominent. The rostrum is short but powerful. The 
four-jointed antennee are usually hidden, and in the case of 
Behstorm^ are received into a very deep, ear-like pocket. The 
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fore-legs are stout and more or less raptorial ; the middle and 
posterior pairs are formed for swimming. On the abdomen 
there are short appendages which convey air to a band of 
pubescence passing laterally round the lower part of the 
abdomen. 

The, eggs of some species are carried on the back of the male. 
The eggs of Bdostoim indica, one of the largest species, are 
laid in clusters on plant-sterns. In cases where they are known 
the nymphs are said to more or less resemble the adults. Jioth 
nymphs and adults are predaceous, the big s])ecies of Helosioma 
not hesitating to attack, and suck dry, a toad. The ])uncture 
made by the rostrum of these big species is considered to be 
poisonous. Some species are attracted by light. 

NoTONEOTID/K. 

Head concealed below pronotum. Fore-legs attached to 
posterior margin of prosternum. Rostrum free, three- or 
four-jointed. 

This family, which is closely allied to the (kmxidwy is fairly 
widely distributed. 

Notonectids range from quite small to moderate sized forms. 
They are not brightly coloured, but are usually yellowish or 
grey. The body is convex and oval. The head is sunk into 
the thorax ; the eyes are large. The rostrum is three- or four- 
jointed and somewhat stout. The fore-legs, though not 
exactly raptorial, are used more for grasping than swimming. 
The air supply is retained under the elytra, and by an arrange- 
ment of hairs on the body. Notonectids always swim on their 
backs, using the posterior legs much in the fashion of oars. 
They are very buoyant, and when motionless, have to cling 
to weeds, to keep themselves from rising to the surface. 
They occur in ponds and tanks, and arc probably predaceous. 

The eggs are generally laid in the tissues of plants ; in some 
forms they are laid under leaves. The nymphs of some 
specie* undergo five or six moults. 

Observations have been made on this family by Regimbart 
(1874), Miall (1895), and Delcourt (1909). 

There are two British s{)ecies, one belonging to the genus 
NoUmecta, and the other to Plea. 
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CORIXID^. 

Head not concealed . Prosternum short, fore-legs attached 
to the posterior margin. Rostrum concealed, apparently 
one -jointed. 

Thin family, the species of which are very like the Noto- 
nectids, is of moderately wide distribution. 

Corixids arc generally flatter in form than the Notonectids, 
from which they may easily be distinguished in their habitat, 
by the fact of their swimming in a normal manner, and not on 
the back. They are usually dark blackish-brown in colour. 

The head is free and not covered by the pronotum ; the 
rostrum, which is apparently one-jointed, is generally concealed 
by being retracted. These insects are much less buoyant than 
the Notonectids, and are able to remain under the surface 
without effort : only coming up for air. The air supply is 
taken directly into the spiracles and not carried in reserve 
under the hemelytra. They are found in much the same 
situations as the preceding family, and may often be seen 
in large numbers resting on the mud at the bottom of ponds. 

The eggs are usually glued in masses to submerged objects. 
In Mexico the eggs of two species are used as food by the 
natives, as are also the insects themselves. The adults can 
produce a noise under water by rubbing the fore-legs against 
the proboscis. 

Miall (1896) has made some observations on this family. 
There are thirty British species, most of them belonging to the 
genus Corixa. 


Sub-Order II. HOMOPTERA 

Hemelytra not thickened at the base. Front of head 
touching fore-coxae. Tarsi, with three-, two- or one-joint. 

In this sub-order we include also the four families some- 
times separated as Phytophthires on account of their longer 
antennae and more degenerate (parasitic) structure. It is 
difficult to draw any line between the nymphs of Membracids 
or Cercopids and Psyllids. 
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ClCADID.^:. 

Ocelli in a triangle on the vertex. Antennae with basal 
segment and three-jointed bristle. 

This family contains the largest insects of the flomoptera. 
About 800 species are known, the majority occurring in the 
warmer parts of the earth. They are robust insects ; some 
with a wing-expanse of several inches. Colour varies : in 
some forms the wings 
are clear and shining, 
in others both wings 
and body are brightly 
pigmented. In many 
there is cryptic bark 
colouring when at rest 
and bright “ decep- 
tive ” colouring when 
in flight. 

The head is broad 
and well developed, 
with small antennae, 
consisting of a basal 
segment furnished with 
a bristle. The eyes are 
usually prominent ; 
three ocelli arc placed 
in a triangular fashion 
on the vertex of the 
head. The thorax is 
well developed, with a 
conspicuous mesonotum. The abdomen is broadly joined to 
the thorax. At the base of the abdomen in the male are 
sound-producing organs, with external flap-like structures. 
The wings are conspicuously veined, and sloped at an angle 
over the abdomen. The legs are of more or less normal 
character. 

The earlier stages are passed underground, the nymphs 
living sometimes at a considerable distance from the surface, 

8 



Fkj. 09. — Hoad of Cicada. (1) Vontral view. 
(II) Dornal vi<;w. 
a ^ nnU'nna. o ocelli. 
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and feeding on the roots of trees and plants. When fully 
grown, the nymph climbs up to the top of the burrow and on 
to a plant, to which it clings while the skin splits dorsally 
down the middle of the thoracic segments and the adult insect 
emerges. The eggs in some cases are laid in bark, the nymphs 
burrowing into the ground on hatching. The length of the 
nymphal stage varies, and in one notorious instance is sixteen 
years, the adult emerging in the summer of the seventeenth 
year for a short period. 'Lhe nymphs are very unlike the 
adults, being colourless and with weak integument ; they 
possess larger antenna' and fossorial fore-legs. The pupae are 
shorter in form and have a more shell-like integument ; wing- 

lobes are visible at the 
sides of the abdomen ; the 
fore- legs are very power- 
ful. 

The adults are most 
abundant in forests, par- 
ticularly in moist areas. 
They feed on the sap of 
trees. Their presence is 
Fi(}. 70.-('ica(lid nymph. ( xU.) nvdih kiiowii by the Con- 
tinuous shrill noise made 
by the males, who produce the sound for no ap})arent 
reason, unless it be to attract the females. The sound is 
produced by the vibration of a tense membrane in the 
base of the thorax ; muscular actions vibrate this mem- 
brane and the sound produced is magnified by other mem- 
branes and the flap, or operculum, covering the base of 
the abdomen. 

Cicadas are much preyed upon by birds, mantids, etc. 

The sub-family Cicadimv. is monographed by Distant in the 
Qeima Insectonmi, Ease. 142 (1912), and the sub-family 
OceanincB in Ease. 158 (1914). Observations on the seventeen- 
year Cicada have been made by Riley (1885). 

There is only one British species, occurring as a r?-rity in 
the New Forest. 

The seventeen-year Cicada (Cicada septemdeem) is a serious 
pest in the United States. 
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FuLOORID/K. 

Two (rarely three) ocelli beneath or near the eyes. 
Antennae of two joints and a bristle, inserted below the 
eyes. 



Tliis is a family of wide distribution and a largo nuinbor of 
species, showing much diversity of form. Some Fidgorids are 
quite small, others are very large : the Lanterndlies are included 
in this family ; they w(‘re so called because the front of the 
head, extending into a bhuhhr-like .structure, was believed to 
be luminous. Many species are brightly coloured, and moth- 
like in form ; others are q\iite dull and inconsj)icuous. With 
sucli great variety of 
form it is difficult to give 
any definite characters. 

The head is distinct, and 
often prolonged forwards 
and upwards into curious 
shapes. The eyes of 
many species are large. 

Ocelli, usually two, rarely 
three, in number, are 
placed in hollows near or 
beneath the eyes. The 
antenna^ usually consists 
of two joints and a 

bristle; the two joints are sometimes prolonged and flattened. 
The body as a whole is short, but well developed. Heme- 
lytra are present, and wings also, in most cases. The wings 
are seldom coloured, but the hemelytra are often brightly 
pigmented ; when at rest they slope over the body at an 
angle. The legs vary greatly ; the fore-legs are sometimes 
expanded leaf-like, while the posterior legs bear tufts of spurs 
and rotvs of spines. Some species carry, at the end of the 
abdomen, tufts or patches of a white, waxy secretion. The 
female is provided with an ovipositor. 

As far as known eggs are laid in plant-tissues, sometimes in 
bark, and are often covered and mixed with a cottony, waxy 


(h) 


(II.) 


Fin. 71. — Hrad of Fiil^orid. (I) Lat^Tal 
view. (II) Ventral viow. 


nntnmu* lK*ncafli the u ■ 

or near tin.* <*ycH. 


mclla iM iiratli 
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secretion produced by the female. The number of moults is 
usually five. Some nymphs, especially those of the above- 

named species, carry long tufts 
of white, waxy material at the 
end of the abdomen. 

All, as far as known, are feeders 
on plant-sap, and are found on 
trees, plants and in grass. Some 
species live in the soil on the roots 
of plants and grass. A few forms 
are somewhat gregarious. 

There are many insect checks 
on Fulgorids : these include ear- 
wigs, Chrysopids, Coccincllids, 
Dryinids, Strepsiptera, Pipuncu- 
lids. There are about eighty 
British Fulgorids. Some species 
are of economic importance, 
chiefly as pests of sugar-cane ; 
they are included in the following- 
genera : Delphax, Peregrinns, Per- 
kinsiella and Pyrilh, A species 
of Hiphanta attacks mango in Hawaii. 



Fi(}. 72. — Nymph of a Fill- 
gorid last ins tar ( X 4) 
{Pyrilla aherrans). 


Membraoid.*:. 


Thorn insects. 

. Tarsi three -jointed. Prothorax produced backwards into 
a process. Ocelli placed between the eyes. Antennae in 
front of the eyes. 

A large family, occurring chiefly in tropical regions. 

Membracids are very curious insects of various grotesque 
forms. They are not large, few being more than 10 mm. in 
length. The colouring is usually dull brown, which together 
with their thorn-like appearance render them very incon- 
spicuous. 

The head is small and usually concealed by the enlarged 
prothorax. Two ocelli are placed between the eyes. The 
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prothorax is produced posteriorly and laterally into a paired 
or single thorn-like structure which varies greatly in length 
and shape. The hemelytra and wings are sometimes small ; 
they are folded at an angle over the abdomen when at rest. 
Veins are distinct. The legs are short, but well developed. 
The sexes are outwardly similar. In one genus, Darth uUt^ the 
abdomen is produced })osteriorly 
into a bristly process. 

Eggs are laid in slits made by 
the female in the bark of twigs. 

Sometimes they are very neatly 
arranged. They are eylindrical, with 
rounded ends, and have a spine-like 
process curving from one end. The 
nymphs arc in many cases gregari- 
ous, sitting about in clusters on 
the food-plant. They are quite un- 
like the adults, there being little 
sign of the enlarged prothorax. 

Both nymphs and adults feed on 
the sap of twigs, but only of a 
certain number of plants. In some 
species the nymphs have an exten- 
sile process at the end of the al)do- 
men which excretes a sweet fluid 
sought by certain species of ants. 

The group is essentially tropical, with two British sp(‘eies : 
a few are mentioned as pests in the United States ; but generally 
the group is not economically important. 



Fkj. 73. — Head and prn* 
Ihorax of a M«‘inl)nn‘i(l. 
{ I) Front view. (II) Lat4*ral 
view. 

o Dcrlli. a ^ niitciiun. 


CERCOPIDyE. 


Frog-hoppers. 

Two ocelli on the vertex. Antennas between the eyes. 
Hind tibia with stout teeth and a cluster of spines at apex. 

This family is widely distributed in both temperate and 
tropical regions. Its members are small and usually dull- 
coloured insects ; there are large tropical species with warning 
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coloration. Cercopids are easily distinguished from the 
Membracids by the simple prothorax, and from the Jassids 
by the hind tibia being furnished with a cluster of teeth at the 
apex. They have a curious wedge-shaped appearance. In 
the sub-family Machwroiinai, the scutellum is produced into 
a spine. Eggs in one instance are laid on twigs. The nymphs 

of many species live concealed in masses of frothy matter 
produced by themselves from a mixture of liquid excrement 
and waxy secretion. These white masses are commonly called 



'‘cuckoo-spit” or "frog-spit.” Other nymphs live in tubes 
formed of a liquid secretion which hardens. In other species 
the nymphs lead free lives. The adults are very active, many 
being able to leap a considerable distance. They are usually 
found on trees, low vegetation and grasses. Natural enemies 
include egg parasites ; the nymphs and adults are eaten by 
numerous other insects, as well as by toads, birds, and 
lizards ; Williams (1921) records a fungus in Trinidad^ 

Lallemand monographs the family in Genera Insectornm, 
Fasc. 143 (1912). Seven species occur in Britain. 
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Jassidi:. 


Leaf-hoppers. 

Two ocelli on the vertex. Hind tibia with two rows of 
spines. 


A large family of wide distribution. 

Jassids are all small, some being quite minute. They iire 
easily distinguished from the Ceroo])ids by having two rows 
of spines on the hind tibia. In many eases tluw have delicate 
integument and are pale in colour, 
often being green, yellow, or brown ; 
a few tropical species are warningly 
coloured, others are black. Tlie body 
as a whole is narrow, with ])arallel 
sides. The head is broad, with small 
thread-like antenna> and two ocelli 



placed on the vertex ; the (\yes ar(‘ 
not very prominent. The wings arc' 
somewhat tightly pressed to the abdo- 
men. The legs are well developed. 
The female has a concealed ovipositor. 

Eggs are laid in the leaves and stems 
of plants. The nymphs are active, 
running openly on the plant. The 
life-history is in some cases very short, 
several broods being gone througli in 



a year. 

Jassids are found almost everywhere : on trees, plants of 
all kinds, and many grasses. They are very active and have 


the power of leaping. 

There are over 200 British Jassids. 


Many species of Jassids are serious pests, either by injuring 
the foliage of plants direct or by transmitting plant diseases. 
The tnore important species are contained in the following 
genera : Chhrita on various crops ; Cicadvla attacks cereals, 
as does Deltocephalus, Empoa^ca is injurious to several 
crops, and Eupteryx to potato. Euteitix tenella is the Beet 
Leaf Hopper. Idiocerns is a pest of mango. Jassus is 
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found on various crops. Selenophorns attacks rice, and Tetti- 
gonia apple. Typhlocyba is chiefly injurious to the vine. 


PsYLLiDyE (Chermulm). 

Jumping Plant-lice. 

Small insects. Tarsi two -jointed. Three ocelli ; antennae 
nine- to ten -jointed ; wings, one or two pairs in both sexes, 
with veins, and sloped over the body. Nymph flattened, 
partially active in all stages ; anal aperture on the ventral 
surface, with glandular pores secreting wax. 

These small insects are common and well distributed in 
temperate and in tropical regions, being found both on plants 
and in galls formed by them on plants ; the scheme of coloration 
is usually cryptic. 

The antennic are moderately long ; the head is well developed 
in the adult, that of the nymph much less so ; the head is 
provided with a sucking beak and compound eyes. The 
abdomen is well developed, and the legs are formed for running, 
the hind pair for leaping. The thorax has one or two pairs of 
hyaline wings, with usually five veins. Though the males 
and females are similar in general appearance, the males can 
easily be distinguished by the fact that their genitalia are 
turned upwards and curved ; those of the females are straight, 
pointed, and concealed between the upper and lower segments 
of the abdomen. In addition, the abdomen of the fertilized 
females is slightly broader than that of the males. The 
spiracles in the adult lead directly to the main tracheal trunk ; 
in the larva there are various protective devices, between the 
external opening and the tracheal trunk, which are as follows : 

(i) The Spiracles (three on the abdomen, and two on the 
thorax) are each situated in a pit which is covered with long 
hairs. 

“ (ii) The external lid of the spiracle. This is formed* by a 
thick process which lies across the spiracle. 

‘‘ (Hi) The closing apparatus. This consists of thickened 
chitin stretching from one side of the tube to the other. It is 
acted upon by the spiracular muscles which are attached to 
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this apparatus. When these muscles contract, this transverse 
bar of chitin is pulled apart and the spiracle is opened. 

“ (iv) Atriim, Below the closing a])paratus is a cavity 
which communicates with the main tracheal trunk. 

‘‘ The simple structure of the spiracle of the adult and the 
more complex structure of that of the young lead one to inh'r 
that the adult will react more readily to an insecticide, and 
this is actually the case.'’ (Awati, 1915.) 

The females have nine or ten egg-tubes on either side, 
which communicate with two oviducts, and open into them ; 
the oviducts themselves join and open into the vagina ven- 
trally, as one duct. The vagina has powerful circular muscles 




Fiti. 77.— Jndigo P.sylla V ( >' 20) [Poylhpa punctojKunis). 

Hin(l-('nd of abdomen of S- ( ^9.) 

and accessory glands : the latter open into the distal portion. 
The spermatheca lies below the vagina and oviducts, and 
also has an opening into the distal portion of the vagina, which 
itself communicates with the ovipositor ; the ovipositor is 
formed by the invagination of the posterior segments of the 
abdomen. 

The eggs are, in the majority of cases, laid singly and un- 
evenly ; this is certainly the case with Psylla mali^ the apple 
sucker (Awati, 1915), and with the Indigo Psylla (Lefroy, 
1913). Marlatt states that in the case of Psylla pyricola, the 
pear-tree Psylla, in Maryland, U.S.A., the eggs are placed 
singly, in rows, or in bunches, in crevices of the bark or twigs. 
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The egg of P. nuili is oblong, tapering at both ends and sculp- 
tured ; as the time for it to hatch approaches, it becomes 
reddish instead of pale white. There is a long free-hanging 
stalk present at one end and a short arm-like sucker, which 
fixes the egg down. The spot where the young nymph, or 
larva, emerges is best compared with the “dovetailing” 
which is practised by carpenters. This “ dovetailing,” coupled 
with the egg-breaker on the fore part of the head of the nymph, 
renders the emergence from the egg easy ; it is further facilitated 
by a number of dorsjil and ventral spines which serve to keep 

the sides of the egg apart. The 
larva) or nymphs are flattened ; 
there arc five instars, the sixth 
being the adult stage ; the wing- 
lobes develop in the tliird, fourth 
and fifth instars. The nymphs 
produce an opaque white secre- 
tion in the form of a tlircad, 
hanging from the posterior region 
of the abdomen ; it is the heart- 
shaped organ which produces this 
thread : the thread is of a waxy 
nature and readily soluble in 
alcohol. The thread acts as a 
duct to convey away the trans- 
lucent liquid excreta, ensuring 
that it shall not wet the leaf in* 
too close proximity to the nymph ; 
some Psyllids produce a “ honey 
dew.” The spine-like threads of wax are produced from the 
extremity of the abdomen (Awati, 1915). 

The food is cell-sap, and Psyllids can cause most serious 
damage to plants, most of the damage being effected by the 
nymphs, which are gregarious ; the adults themselves cause 
but little real damage to the plant. P. mali, in England, 
hibernates in the egg stage. Awati states that the durafion of 
the first, second, and third instars is from seven to eight days, 
the fourth from ten to fifteen days, and the fifth from twelve 
to fourteen days ; this places the period from the egg to the 
perfect insect at from forty-three to fifty- three days. Egg- 



Fio. 78.- 


-PsifUa tmli Nymph and 
its Sccrotion. 

(After Awati.) 
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laying extends over a period of about a week ; the females live 
some time after it has taken plaee, the males dying before the 
females. P. pyricola has three broods in England, four in 
America, and hibernates as an adult. Rsyllids frequent a 
great variety of plants, many of tliem forming galls. Psylla 
buxi forms a small gall, rather resembling a miniature cabbage, 
on the apical shoots of the Box, while Psyllojhsi.^ jraxini causes 
galls on the leaves of the common Ash. Rsyllids usually seem 
to prefer the under sides of the leaves on which they arc found. 
Awati states that in the larval condition P, mill is positively 
thigmotropic, i.e. it reacts positively to |)ressure, and so tends 
to collect between the closely packed leaves and inside buds ; 




79— (I) rsylla imli (x 30) Nyiiii)}i, v<-ntral virvv, to hIiow Mio limrt- 
8hape<l organ. ( 11 ) H(*art-sha|M‘<l organ iiioro highly nuignificd. 

h = hcart-.shiipod organ, p - wax pores, a apc'rtiire leading to ouIhIiIi'. 

this, combined with negative heliotropism, ensures that they 
shall feed on the tendcrest portions of the plant. At the fifth, 
or last instar, they become negatively thigmotropic, and live 
freely in the open, losing the gregarious habit which they 
possessed in the first four stages after hatching. 

Psyllids have a number of enemies, ehief among which are 
the Coccinellidce, Chrysopidte- and Syrphid/e. Awati mentions 
a predaeeous mite which he states is the only enemy of P. 
malt in England, of any importance. When, however, Psyllids 
are very abundant, spiders and mantids account for a con- 
siderable number. 

Psyllids are widespread, as abundant in the tropics as in 
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the temperate regions. The fifty-seven British species are 
described in Edwards’ British Homoptera (1896); Crawford 
(1914) monographed those of the New World ; Witlaczil (1885), 
Loew (1876, 1878), Patch (1909), have written on the group. 
Crawford (1914) makes six sub-families and gives a biblio- 
graphy. The economically important species include the 
Apple Sucker of Europe, the Pear Suckers of Europe and 
America, Psyllopa punciipennis on indigo in India, and 
Euphyllura olece on the olive in South Europe. The usual 
remedy is spraying the nymphs, and in some cases winter 
washing with a lime wash to destroy the eggs. 


Aphids. 


Plant-lice, Greenfly. 

Small, often wingless ; tarsi two-jointed. Antennae three- 
to seven-jointed. Abdomen usually with a pair of siphons. 
Wings, when present, hyaline and with few veins ; the 
fore-wings larger than the hind-wings. 

These insects arc common and extremely numerous, both 
in temperate and in tropical regions. They arc usually of 
such dull colours as black, brown, yellow, and the more sombre 
greens. Some are mealy, whilst others arc more or less thickly 
covered with waxy threads. In size they are rarely longer than 
one-tenth of an inch. 

The head is distinct, the antennae being long and straight 
and consisting of from three to seven joints. Sharp, however, 
sayfe that “ it is doubtful whether the antennae have ever really 
more than six joints, the apparent seventh joint being actually 
a sort of appendage of the sixth.” The eyes are more often 
small and compound ; there is frequently present a curious 
supplementary eye, or tubercle, on the eornea of each compound 
eye. Each tubercle has from five to ten hemispherical lenses, 
very similar to those of the compound eyes. These tubeicles 
are found in the winged forms in addition to ocelli. In some 
aphids the eyes are rudimentary or entirely absent. Ocelli 
are never found in the nymphal stages, but there are always 
three, or rarely six, present in the males and in the winged 
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females. The rostrum is, externall}^ three- jointed, and varies 
greatly in length ; the rostrum, haustellum, or proboscis, in 
Stomaphis is nearly twice the lengtli of tlie thorax and abdomen 
combined. The youngest nymphal stages of A})hids freipiently 
have the rostrum as long as the abdomen and thorax, those of 
Eriosofm having the rostrum a little longer than this. The 
rostrum itself can be retracted, like a telescope, into the head, 
up to two-thirds of its length : this sets free an additional 
length of stylets, or seta% for insertion into the tissues of the 



c 

Pjfj, 80 . — Phorodon Humuli AptcrouH vivipuroiw 9* 
c ~ cornJ(I(‘s. 


plant. Buckton (1878) places the number of stylets at three ; 
however, it has now been shown by Grove (1909) and Davidson 
(1913) that there are four present, representing the mandibles 
and maxillse. The thorax is distinct and fairly well chitinized 
in the winged forms ; in the nymphs and wingless forms the 
thorax is not very evident, the general outline of the insect 
not deviating appreciably as one passes from the head to the 
initial segments of the abdomen. In the abdomen, nine 
visible segments are usually recognized, but this is» a much 
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disputed point, Balbiani (1869) considering ten to be present 
in addition to the cauda. The cauda, or tail, is not always 
present ; it is formed by the prolongation of the last segment, 
beneath which is the anus. Situated on the dorsal surface of 
the fifth abdominal segment is a pair of processes known as 
the cornicles ; they are also called nectaries, honey-tubes, 
siphuncles and siphons by various authors. They are glandular, 
globules of waxy matter being secreted. The cornicles do not 
produce honey-dew as is frequently stated ; the honey-dew is 
an anal secretion and is much favoured by ants as food. 

The sex of Aphids can only be determined with certainty 
by dissection; in general, when the abdominal region is com- 
paratively small, it may be taken as an indication of the male 
sex, since the testes arc much smaller than the egg- tubes of the 
female. The males are often very small, but are sometimes 
provided with large wings ; they may be either winged or 
wingless, but are usually the former. The wings of the males 
have a venation similar to that of the females. The males 
appear several days l)eforc the females. The mouth-parts in 
the male are well developed. 

The winged and wingless viviparous females are by far the 
commonest, and are determined easily by dissection. Extern- 
ally, they are of a more robust appearance than the males, the 
abdomen being much swollen. The oviparous females are 
wingless in the sub-family Aphidinw, but may, or may not, 
possess wings in the remaining groups. These oviparous 
females are usually smaller than the viviparous females, and 
have robust bodies and stout limbs ; the tibia' may bear plate- 
like expansions ; the antenna, though seldom lacking the full 
nuihber of joints, are often shorter than those of the viviparous 
females. 

The internal anatomy has been worked out in but few types. 
Witlaczil worked on Aphis in 1882, and this was followed, in 
1884, by a study of the development. Trama was investigated 
by Mordwilko in 1895, while Dreyfus has studied the anatomy 
of Phylloxera, Of the more recent morphological \wrk, 
Grove (1909) has worked on Macrosiphnm (Siphonophora), 
rosarum, and Davidson (1913) on Eriosomu (Schizonenra) 
lanigerum, A brief account of the two latter studies is perhaps 
the best method of conveying an idea of the internal anatomy 
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of Aphids. In Eriomm, wax glands are present in transverse 
rows near the posterior borders of tlie thoracic and first seven 
abdominal segments, four in each segment ; there are also two 
on the eighth abdominal segment, and ten on the epicranial 
region of the head. Each, externally, consists of several 
polygonal areas surrounding a facet te, beneath which is 
situated a number of large gland-cells. Each facette is pro- 
vided with a glandular cell which j)roduces the waxy secretion ; 
at the base of each cell lies the lumen into which this scendion 
is poured ; it passes through the chitin of the polygonal areas 
in the form of fine waxy threads. Sharj) (1918) suggests that 
the wax glands may replace the cornicles to sonu' extent. 

The mouth leads into the ])harvnx, which is lined with 
thickened chitin on the posterior and ventral walls, the anterior 
wall being of flexible chitin. A number of muscles arc attached 
to this flexible anterior wall and are capable of drawing it 
outwards, thus enlarging the ])harynx considerably and 
causing the cell-sap of the plant to mount up the anterior duct 
of the stylets ; the capillarity of this duct ])robably assists this 
operation considerably. The relaxation of the muscles closes 
the opening to the pharynx. The sap is thus ])r(‘vcntcd from 
flowing back into the mouth and is forced into the (esophagus. 
The (esophagus is invaginated into the stomach, forming an 
(esophageal valve which ensures that the saj), once it is in the 
stomach, is not regurgitated. The stomach is formed by the 
enlargement of the fore-part of the gut, which latter gradually 
narrows posteriorly and becomes the intestine. The int(*stine, 
which is coiled, leads into the rectum. Since the Maljhghian 
tubules do not occur, the rectum is thought to function as an 
excretory organ (Kowalevsky, 1889). The nervous system 
is concentrated in the head and thcjrax, the supra-(i*sophageal 
ganglia occupying most of the head. The elongated median 
ganglian, lying in the thorax beneath the oesophagus, represents 
the fused elements of the thoracic ganglia. Considering the 
sluggish nature of Aphids, as compared with other insects, the 
tracheal system is extraordinarily highly developed, there 
being nine pairs of spiracles present. The first seven abdominal 
segments each have a pair, and there is a pair on the prothorax 
and on the metathorax. The spiracles all communicate with 
a system of large ventral and dorsal tracheal trunks. While 
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Witlaczil (1882) found a dorsal vessel, or heart, in Aphis, and 
Mordwilko the same organ in Trama, Dreyfus, Grove, and 
Davidson, working respectively on Phylloxera, Macrosiphum 
and Eriosorna, all failed to find it. The circulatory system 
is very poorly developed. 

The reproductive system is very simple and occupies much 
of the body cavity. In the female it consists of a number of 
egg-tubes in which may be found embryos in various stages of 
development. The egg-tubes lead into two oviducts, which 
latter join to form a stout muscular vagina leading to the 
genital aperture. The embryos, in their earlier stages of 
development, were called pseudova. Huxley (1858) has 
described their development in A 2 )his. The number of 
embryos found at one time in a female varies from twenty to 
eighty or more. The i)seudo-vitellus, which consists of masses 
of large round cells, is to be found in the posterior half of the 
abdomen, close to the egg-tubes. Witlaczil (1884) and Will 
(1888) described its origin and development, and its function 
is probably concerned with the nutrition of the embryos, 
though this has not yet been properly established. The fat- 
body extends beneath the integument, and over the internal 
organs, being mostly found in the anterior portion of the 
abdomen and in the thorax ; it consists of yellowish-brown 
masses of cells. 

The outstanding feature of the life-history of Aphids is their 
extraordinary fecundity : this is due, however, not to the 
number of young produced by each individual, but to the fact 
that the young commence to reproduce so soon after birth . The 
life-histories may be exceedingly complicated, and may vary 
to a great extent. A simple life-cycle runs as follows : Eggs 
are laid in the autumn and hatch in the spring, giving rise to 
apterous viviparous females which, eight to twenty days later, 
produce young parthenogenetically. These first females are 
known as funda trices, or stem-mothers, and they are frequently 
much larger than the ordinary apterous viviparous females. 
Generations continue to be produced parthenogeneticaljy for 
some time, and may include amongst them a greater or less 
number of winged individuals, with perhaps a few males. 
Finally a sexual generation is produced, which lays fertilized 
eggs. This cycle may be complicated by migrations from one 
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food-plant to another and back again ; or from root to aerial 
portion of the plant and back again ; or by a combination of 
these two. It is important that this slioiild be recognized 
when dealing with Aphids-^ from the economic standpoint. 
Aphids may be parthenogenetic or sexual, and eiilier of these 
may be oviparous or viviparous, winged or wingless ; in addition 
successive generations may differ greatly in their habits, or the 
individuals of the same generation may so differ ; when th(‘ 
individuals which differ are of the same generiition, they 
constitute what is known as a parallel series. 

The factor which influences tlie production of winged or 
wingless forms was, until quite recently, uncertain ; the 
constitution of the cell-sap of the plant, combined with tlie 
temperature, was considered to be the chief influence'. Davidson 
(1921), however, conducted a series of breeding ex})eriments, 



which showed, when they were taken into consideration witli 
cytological investigations, that it is probable that the s(‘quence 
of winged and wingless forms is largely accounted for by some 
“internal inherent tendency.” Winged viviparous females 
have a strong tendency to produce apterous viviparous females, 
whilst apterous viviparous females are very liable to give rise 
either to apterous viviparous females or a mixed progeny, 
including a varying percentage of winged forms. 

Where the food is seasonable and the temperatun' conditions 
are favourable, the apterous condition may be deemed to be 
the form which is most adaptable. The great variability in 
the number of the winged forms, produced by apterous 
individuals, should not be lost sight of in considering this 
question. Food and temperature are also responsible for the 

T 
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sexual forms ; later cytological work showing it to be associated, 
in addition , with changes in the chromosome complex . Agamic 
generations appear to be interpolated between the winter egg 
and the sexual generations as an adaptation to seasonable 
conditions ; sexual generations may, in eertain cases, be 
followed by continued parthenogenetic reproduction, these 
forms lying dormant through the winter, or only reproducing 
very slowly ; the next season the rapid reproduction is con- 
tinued. Clarke (1901) grew rose-cuttings in sand saturated 
with magnesium salts and infected them with the common 
rose Aphis. He found that a higher proportion of winged 
forms was produced than was usual. This has been repeated 
successfully by Neiills (1912), and by Shinji (1918). Gregory 
(1917) found that the proportion of winged forms could be 
raised by starving the parent during its development. Haviland 
(1921) has experimented further on these lines. According to 
Buckton (1876), the number of broods in a year is very variable. 
Some species are thought to have only one, whilst in others the 
number approaches eighty or ninety. 

Aphids are universally plant-feeders, on sap, and the majority 
of cultivated plants are subject to attack by one species or 
another ; the economic importance of this group, therefore, is 
very great. Some species form galls either on the stems, roots, 
leaves, or petioles ; in some eases the Aphids live externally, 
whilst in others they are to be found inside the galls which they 
themselves have caused the plant to create for them. Aphids 
greatly lower the vitality of their host as they suck out of it a 
large quantity of sap : in addition, fungal and bacterial diseases 
often set in secondarily. This secondary attack is of common 
occurrence where sucking insects are concerned with the original 
damage. These fungi or bacteria are probably either injected 
into the plant through the stylets of the insect or gain admit- 
tance through the wounds produced by the stylets. In addition, 
the attack of some species is followed by gall formation of a 
serious kind ; this is particularly notable in the woolly Aphis 
of the apple {Eriosmm lanigera) and in species of Pemphigus. 

Checks are Chalcids and other parasites, CoccinelHds, 
Syrphids, Chrysopids, Hemerobiids ; birds eat Aphids, and 
some Fossorial Hymenoptera lay them up for their larvae. 
A Cecidomyiid feeds upon them (Davis, 1916). 
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The group is an immense one in temperate regions and loss 
so in the tropics. Many species are now nearly cosmopolitan, 
and there is great confusion in nomenclature. Buckton's mono- 
graph (1876-1878) dealt mainly with British species ; Theobald, 
Pergande, Schouteden, Baker, Van der Goot and Mordwilko 
have described or written up the species ; there is a very large 
economic literature, and we sorely need good monographs and 
a revised classification and nomenclature. 

Baker (1920) has published a generic classification of })art 
of the family : he distinguishes the two sub-families, which he 
calls families, Aphidinxv and Phylloxerinw, The former have 
only sexual oviparous forms, and the stigma is formed by the 
radius : the latter has summer parthenogeiu^tic oviparous 
forms, and the stigma is found by the radial sector. He sub- 
divides the Ai^hidiniE as follows (all his charaetiTs are not 
given here). 

Eriosomatmce, Sexual forms without functional mouth- 
parts, one egg laid, cornicles reduced or al)sent, wax glands 
abundantly developed. 

Mindaritue. Sexual forms with functioning mouth-])arts, 
oviparous female laying several eggs. Sexes small. 

Horrnuphidincc. Usually gall makers. Nymph often 
Aleurodifonn. 

AphiduKr. The normal greenfly or frec'-living Aphids. 

The Aphidina^ include Lachmis^ the sul)terranean Traina, 
Phyllaphis on beech, the solitary-living Cdllaphis, and the 
common “ Greenfly ” on crops such as Aphis^ Phopalosiplunu , 
MacrosipMm. 

Mindarmie include only one genus on conifers. 

Eriosomatnue are the gall-makers, and include the sub- 
terranean Forda^ which lives in ants’ nests. 

Hormaphidiiue are notable chiefly for CerataphiH, in which 
the nymph is flat, limbless, black with a white waxy fringe, 
making it very like an Aleurodid nymph. The student 
should consult Baker’s work for further details of classifica- 
tion. • 

There are many economic species ; these include : (a) species 
living above ground, with a food-plant cycle ; (6) root species ; 
(c) gall-forming, root and above-ground forms, such as 
Eriosama and Phylloxera ; (d) conifer-feeding forms, such as 
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ChermeSy which have a complicated cycle of sex forms, migrants 
and food-plants. 

The greatest vine pest was Phylloxera rasiairix, an American 
species introduced to Europe ; the greatest apple pest is 
Eriosorm lanigerOy introduced to England about 1789, and 
probably itself indigenous to America. Others are major 
pests on wheat, cotton, hops, mustard, plum, melon, etc. Their 
control depends upon a study of food plants, natural enemies 
and climatic influences ; and while spraying is largely done, on 
hops for instance, it is a wasteful and unsatisfactory method. 

Aleurodid^. 

White fly. Mealy wings. 

Two pairs of wings, sloped over the abdomen ; the wings 
and body covered with mealy wax ; the nymph flat, scale -like 
after the first moult, usually with a waxy fringe. The 
rectum opens on a dorsal process, which lies under a plate, 
in the vasiform orifice. 

Mealy wings are, in the adult stage, small, white, or black 
and white, moth-like insects, found on plants. Colour probably 
has no significance. The white waxy covering is formed of 
short curled waxy filaments, secreted from unicellular glands 
and spread over the body, legs and wings, probably as a pro- 
tection. 

The adult has a distinct head, with seven-jointed antennae, 
compound eyes, and two ocelli ; the mouth-parts are much as 
in Aphids, with long stylets and a short labium, the stylets 
" not actuated from the head, but by the labium. Spiracles are 
situated on the mesothorax and on abdominal one and seven. 
At the dorsal apex of the abdomen is a semicircular orifice, 
partly covered by a plate, under which lies a process carrying the 
anal opening. There are glandular areas on the ventral surface 
of abdominal segments two and three, secreting the waxy 
filaments. The pseudo vitellus is visible inside the abdomen 
about the second and third segments. 

The male has claspers, the female a short ovipositor. As a 
rule both sexes are present, but Aleurodes vaporariorum is 
frequently parthenogenetic. 
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The life-history is known in several species : eggs are 
laid usually on the leaf, often in circles, each egg with an 
anchor process embedded in the cuticle. The first nymph 
is active, walks about and finally settles down : its stylets 
reach the phloem of a vascular bundle. Moults occur, the 
insect emerging from the anterior end, and settling down 
again ; the legs and antennae degenerate. The anal orifice is on 
a process similar to that of the adult, which enables the liquid 
excreta to be flicked away from the body. The fourth instar 



Fig. 82. — Aakrochiioti [Akurodcs) vajKtrarwrum ^ (X about DO). 


is a pupal one, from which the adult emerges. A feature of all 
instars after the first is the waxy covering, spines and margin : 
the last is very noticeable, and in conjunction with the plate on 
the dorsal anal orifice, readily enables these nymphs to be 
distin^ished from Psyllids and Coccids (see also CerataphiSj 
under Aphids). 

The length of the life-history varies with temperature and 
humidity : in the greenhouse species, it occupies up to 100 days 
from egg to adult (Hargreaves, 1915) ; in Louisiana it occupies 
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from forty to fifty days in summer to six months in winter 
(Rosenfeld, 1907). 

Food-plants may be very varied as in the Greenhouse White 
Fly, or limited as in the eane and orange species. 

Hibernation probably takes place mainly in the adidt stage. 
Natural enemies include Chalcid parasites, Coccinellid beetles, 



Fig. 83. — Larva of Aakrochiton [Alcurodai) vaporariorum, second 
instar. ( X 120, approx.) Ventral structures sliown dotted. 

E = Eye. A - Antenna. T - J.cg. DP Dorsal pore. VO - Vasiform orifice. 
(Adaptwl from Hargreaves.) 


'Syrphids, Chrysopids, Hemerobiids. Much has been written 
about fungi, such as Aschersonia, Spharo^tilhe, etc. (Berger, 
1909), but it is not certain that these are primary checks on 
the living nymphs. 

The greater number of species are tropical. Four species are 
common in Britain : the two Brazilian species, Aleurodes 
(Askrochiton) vapomriornm^ the greenhouse specie^, and 
Aleurodes filicium, on ferns, and Aleurodes brassicce, and A. 
proleklhi the garden species found on crucifers. Other species 
occur on wild and cultivated plants. Kirkaldy’s Catalogue 
(1907) lists 136 species of the world, including thirteen British. 
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Quaintance has revised the generic luunenelature 
1914) and classification, and has fnrtlier dealt with tlie group 
in Gtii. Ins. Fasc. 87 (1908). 

The family have some economic importance. The Greenhouse 
White Fly {A. vaporariornm) is a very serious ])est to tomato 
and cucumber under glass ; several are pests to Citms in the 
United States ; others attack sugar-cane in the East, tobacco, 



Fla. 84. — Uoi'siil view of vusiform orifiot? of larva of Axti rocliitoii (.l/i inW< ") 
V(j]X>rariorunb. (X 300, approx.) 

L «=> Lingula. 0 Oporculuin. 

(With slight altcrutlons, aft<‘r liargroavcs.) 

crucifers, coco-nut, and other palms. Fumigation with 
hydrocyanic acid, spraying, the use of natural enemies, are the 
chief methods used against them. 


Coccii)^. 

Scale insects and Mealy bugs. 

Tarsus one-jointed with one claw, female wingless, male 
with one pair of wings and a metathoracic hooked process 
engaging with the wing. 

The insects of this family are easily recognized in the field, 
the male by the single pair of wings, the double compound eye, 
the absence of mouth-parts, and in some the long external 
penis. They are often extremely small, the body powdered 
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with wax and usually coloured red or yellow. The females 
are recognizable either by their fixed habit upon the plant, 
with the legs and antennae reduced or absent, or by their 
comparatively long antennaj, covering of wax and very varied 
form of ovisac ; most are covered with wax in a great variety 
of form, whilst in one sub-family (THanpinm) the flat insect 
is covered with part of two previous moults, added to by a 



Fig. 85 . — Orthezia cataphracta. (x9.) 

felted waxy covering forming the “scale.” The colour is 
varied and has probably no significance. 

The structure of male and female is so different that they 
need to be separately considered. The male has, in addition 
to the points already mentioned, long antennae of ten or more 
joints, a distinct round head with often a second pair of 
eyes on the lower surface, no mouth-parts. The thorax 
is distinct, well developed, and bears a pair of functional 
wings. The hooked process of the metathorax, which engages 
with the hind edge of the wing, may be the metathoracic 
wing. The abdomen is long, with distinct segmentation, 



RHYNCHOTA 


281 


usually with a long penis, and often with a pair of long waxy 
processes projecting backwards. 

The adult female has antenna> varying from fully developed 
functional ones (with six to ten joints) to very reduced or 
completely reduced non-functional ones. The liead, tliorax 
and abdomen usually form a single mass. The legs may be 
long and functional, or very reduced. The mouth-parts are 
essentially of the Rhyn- 


chotous type, but the 
stylet formed by maxillae 
and mandibles is usually 
situated in a ventral sac, 
is extremely long, and it 
is held by the separate 
labium, which has a mus- 
cular apparatus which 
forces the stylet into the 
plant. The labium is 
short, and the style is not 
forced into the plant by 
muscles in the head as in 
Heteroptera. The females 
commonly have two pairs 
of thoracic spiracles, but 
in some large forms 
(Monophkbns) there arc 
also a number of abdo- 
minal pairs. A feature of 
the female Coccids is the 
variety of anal armature : 
in Lecanium and its allies 
there are two triangular 



Fio. 80 . — Lepidomphffi }X)tru)rum. 

1. V Bcale (X 10). 2. Adult ? (x 30). 

3. Larva (x 60). 


flaps ; in Dactylopius an 

anal ring of setge ; in the Diaspince, the whole pygidium 


bears groups of unicellular glands, which secrete threads 
which are felted into a scale by the aid of a complex 


series of hairs and spines situated on the posterior margin. 
These complications of glands and spines are almost the sole 
method of specific identification in this sub-family. Inter- 
esting points in the internal anatomy are the alimentary 
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Fjg. S7. — PficudociH'cufi citri ^ . 
(After iMiyiiliardt, with alterations.) 


canal of some forms, in which the rectum is coiled round the 

mid-gut without direct 
connection, and the 
ovary, formed of a large 
sac bearing many small 
egg-tubes irregularly ar- 
ranged. 

The life-h i s t o r y is 
known in many cases. 
Usually eggs are laid, 
either in an ovisac formed 
of cottony wax, or under 
the scale on the body. 
Ill some the eggs hatch 
internally, or immediately 
on laying. There emerges 
a flat oval insect, with 
legs and antennae, which 
walks about. It eventu- 
ally settles down, inserts 
its stylet and feeds on the 
liquid it obtains from the plant. In some species, sex is 
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distinguishable in this stage (Green). As a general rule tlu're 
is then a divergence of appearance. The male moults twice, 
and appears as a prepupa, with wing-lobes; it then moults 
again, appearing with larger wing-lobes. The fourth is the 
final moult, and the two instars before the imago are im- 

^ri. 


mobile and without func- 
tional mouth-parts. The 
female moults twice after 
the first moult, retaining the 
habit of feeding, but suffer- 
ing often a large degree of 
degeneration in legs, an- 
tennae and eyes ; but some 
species retain the legs, 
antennae and eyes (simple). 

There is often a marked 
difference in the number of 
each sex, and in some 
species perpetual or partial 
parthenogenesis is the rule. 
Newstead records males of 
Mijtilasjns 'pomorum only 
from certain food-plants, 
and parthenogenctic females 
only from others. In Tar- 
hardia there appear to be 
two forms of males, winged 
and wingless, but this re- 
quires investigation. The 
same occurs in Chioiiaspis 
salicis in Britain (New- 
stead). 

The number of broods a 
year varies from one to as 
many as five or six, depend- 



Fkj. 89 .— Siyli'tHof /y( 7 ^?>/Gvr/ 7 )//rw hvrku 
ill riiui of ortingG. A. 'PniuHViMW', 
Hr<‘(ionH of yiortionsof riiulof orange', 
wit)i Htylots in mtu. Tlirc'o hch;! ioim 
rocJucetl to ono [)lano ( X 99)« Nurn- 
ViorH to jiortionH of HtylotH, otc., 
indioato soctionH in whirli tliry 
occur. n. OutliiH’ of tiu' (voccid 
[Li'jyidomphcH hrekii) on tlic Hanu'- 
Hcalc. Traced with camera liaida 
from an adult fomalo. 

ad =- oil Kland. « »tyU*t8. rft ^ - viiHcular 
bandlp. «ci -- .uphero rryHtal. 

(Drawn from set'tlons liy 1.. N. Htaiiiland.) 


g Upon food and climatic conditions. Hibernation takes 
ace as eggs, first instar nymphs or females. In India 
fonophkbus aistivates as an egg, appearing only in the cold 
lason. 

The food is entirely derived by suction from plants, and it 
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has been shown that the stylet reaehes tissues comparatively 
far from the outside. 

As a result of infestation, galls are formed in some cases, 
or malformations of shoots, and one sub-family live inside 
galls (Brachyscelince), Most live openly on foliage or bark, 
some on roots in the soil ; some are limited to a few food- 
plants, others have a wider range. 

A sequel to the attacks of Coccids upon plants is the 
deposition, on the upper surface of the leaves, of the sugary 


ir. 



Enlargement of portion of Fig. 89 marked Fig. 3 ( X 480). 

vb =» vascular bundle, p =» cell pierced by stylets. « — stylets. 
tr *= salivary tract in intercellular space. 

(Section by L. N. Staniland.) 

liquid excreta, in which flourish moulds, which form a black 
covering over the leaf, and which cuts off light and leads to 
weakness of the plant. This is often a cause of damage irt the 
tropics. 

The checks on this group are many. Coccinellids and 
Hymeropterous parasites comprise the great number. Chryso- 
pids, some Acalyptrates, a Lycaenid, some Noctuids and 
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Tineids also feed upon them. Some birds feed upon them, 
fungi have been used to destroy them, and there is probably 
a definite eorrelation between the vigour of tlie host-plant 
and the degree of infestation by the Coecid, the vigorous plant 
escaping attack to some extent. 1 he family is a very large 
one, well distributed over the world. The literature is immense. 



(After Newstead— somewhat slinpllfled.) 


The classical authorities are: R. W. Newstead (British 
Coc«ida;, etc.), T. D. A. Cockerell (tropical Coccids), E. E. 
Green (Coccidsc of Ceylon, etc.), the late Mr. Maskell (New 
Zealand) and Mr. Douglas (England). A catalogue of the 
family was prepared by Mrs. Femald (1903) and supplements 
have been issued by the United States Federal Bureau from 
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time to time. Signoret wrote a series of papers prior to the 
above authors, and there is an enormous literature relating 
to species identification and to their economic importance. 
Newstead enumerates eighty-eight species in Great Britain, 
of which forty arc indigenous, forty-eight introduced, of which 
forty-six are found under glass. Of the forty indigenous, 
eleven are of some economic importance. A number of 
British species have been since described. The total known 
species are probably over 2,000. 

The economic importance of this family is equal to all other 
Rhynchoia together. Such species as the San Jose Scale, the 
Peach Scale, the Fluted Scale, the various scales on Citrus, 
Palms, Coffee, have been of almost world-wide importance. 
The immense spraying industry of America was built up as 
a result of the San Jose Scale. Coffee in Ceylon was destroyed 
by Green Bug {Lecanium) and coffee-leaf disease, and there 
are species threatening practically every permanent tree crop, 
such as fruit, rubber, tea, coffee, cacao, palms, vines, mulberry. 
These species have been carried over the world on plants. It 
is practically impossible to detect first instar nymphs by 
inspection, and only fumigation will really clear infested 
plants. 

The Coccids include three groups whose products are useful 
to man. The most important is lac, the resin-wax emulsion 
which covers the bodies of the female lac insect. The 
total value of lac used in the world amounts to several 
million pounds. Formerly lac was grown or collected for 
the dye : now the dye is useless, and the resin is used in 
industry. 

,The Cochineal insect is also cultivated, mainly as a dye for 
use in food, but also as a very fast bright dye for silk. It 
grows upon a prickly pear (Opmitia), and its culture is 
diminishing. 

Chinese white wax was derived from Ceroplastes cerijems, 
being the thick soft covering of this scale : it is no longer an 
important article of commerce. • 

The student will find great difficulty in following the 
literature owing to the periodical shifting of generic names. 
As generic names change swiftly at the whim of each new 
author, the student will be well advised to look out for 
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specific names, and especially for j)oj)ular names in Englisli 
words. 

The following sub-families are those of Fernald's (’atalogue 
and supplements : 

Monophlebime, Monoplikhuti includes the species with 
very large females and males. Llareia (formerly Cornts), 
Drosicha, Monophhhulus, Oiierwia, P(d(voc()C(Us, WaJkfriana, 
also occur. Icerya includes the notorious Fluted Seale, now 
widely spread. The Cochineal insects come under the oh I 
genus Coems, 

Margarodimv. Marg(irodes formicanm in the West Indies 
forms a pearly covering in the soil. 

Ortheziina\ Orthezia i)hsig}ii,s is widesju-ead ; the active 
female bears a long erect ovisac. Phe na(vl vac hi i mr uwhnivi^ 
New Zealand species. 

Conchaspiim, Conchaspis is the known genus. 

Dactylopiinw, Asterolecanium, Cerococcm, Pollhna, Kernies, 
Oossyparia^ Eriococcus, Dactylopius (Pscudococeus), Pipersia, 
are the important genera, the common Mealy-bugs being 
species of the genus now known as PseudococcuH. 

Tachardihuv. Tachmdia includes the insects ])roviding the 
• lac (shellac, etc.) of commerce. The commercial product is 
limited to India, Burma, Siam, and Tonkin. There is a small 
literature on lac in India. 

Cocchiw. Pnlviuaria psidii and P. ritis are important 
economically, as also CeroplaHes. Coccus^ formerly Lecavitnn, 
includes many species destructive in the tro])ies, notably 
C. viride on coffee ; so also EuUcanimn and Saissetia. 

Diaspina'. Shield Scales or Armoured Scales. In these tin* 
insects are concealed under a scale formed of part of the 
first or first two moults with added felted mattTial. The 
important genera are Chiovaspis, Diaspis, A ularaspi.s, Fio- 
rinia, Aspidioiusy Chrysomphulm, Lepidomplies (Mytilaspis), 
Parhtoria. 

A separate sub-family has been formed for the Australian 
Braaiiyscelinm, placed in Fernald as Apiornorpha, etc., in 
Dactyhpimee. These arc gall-inhabiting species of Australia. 

The economic student will be well advised to be able to 
identify his species from whatever local monograph or list 
there is. The mounting instructions of Green (Ann. App, 
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Bioh I, 1914) are valuable ; clues to possible genera in Green’s 
List of Food“plants appearing in the above publication from 
1917 may be of help in saving time. 

The treatment of Coccids as pests depends upon a study 
of food-plants, a study of natural enemies, direct attack by 
spraying or fumigating. The elimination of wild food-plants 
and the intelligent use of checks imported from the indigenous 
area, or from other infested areas, are probably the methods 
of the future. 









MEGALOPTEHA (Perlaria) 


Alder-flies and Snake-flies. 

Wings net-veined, equal or sub-equal. Larva with simple 
biting mouth-parts. 

This order, including two families, ilie Siahda' and Papin- 
(liulw, has been separated from tlie rest of the Nvurapiira on 
structural differences, whieli are es])ecially notieiahle in the 
earlier stages. 

Tliere is a large, strongly chitinized head with compound 
eyes, and sometimes ocelli. Antenna* are long and simph*, 
or as in Chaidiodef^, j)ectinated. Mandihl(‘s. ma.xilla*, etc., 
are all well developed and of priinitive biting type, 'riie 
prothorax varies somewliat in form, but is g(‘nerally well 
chitinized. Wings are very like those of Xraropti ra with many 
longitudinal and cross-veins. The legs an* simph*. adapted for 
walkmg, with two tarsal claws. Abdonu'n stout ; female in 
Raphidiida’ with an (‘xserted ovipositor (lflat(* II, Kig. S). 
Colour dull. 

The larva (Plate II, Figs. 7 and 0) is most distinctly (liiferent 
from the very uniform larva of the Nevroptmi. It much 
resembles a carnivorous coleopterous larva and has masticatory 
mouth-parts with well-developed mandibles and maxilla*. 
There is no approach to the piercing and sucking type of tin* 
Ant-lions and Lace-wings. Both head and prothorax are 
strongly chitinized and of large size ; the n‘st of the body is 
softer and tapers to the extremity. Legs are well- developed 
and have two tarsal claws. 

The internal anatomy presents severfil interesting points. 
In both families Sialidce and Raphidiidm ther(i is a food reser- 
voir tD the oesophagus. There are six Malpighian tubules, 
and in Raphidia four of the six form loops, dhus we have an 
approach to the condition found in Ne/uroplera proper. 

The life-history is fairly uniform ; Sialids are aquatic and 
Raphidiids terrestrial or arborial. There are about six larval 
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moults before pupation. No cocoon is spun by the larva, and 
the pupa is free. Winter is frequently passed in the larval 
state. 

Checks on these insects are of the usual order : insectivorous 
animals and parasites. Their economic importance is very 
slight. Sialids form part of the food of fishes. Raphidiuhv 
have been introduced into Australia in the hope of checking 
the codling moth, but it is doubtful whether they ever occur 
naturally in sufficient abundance to do real good. 

References: (ML Zool. Selyti. V, 1910, Van der Weele 
(Sialidse) ; Gmera Insectorum, Ease. 154, 1914, Petersen 
(Raphidiida,'). 

There are six British species, two of Sialis, and four of 
Raphidia. Descriptions of these are to l)e found in Mac- 
Lachlan's Monograph, Trans, Ent. Eoc., London, ISOS. 


Stalid;e. 

Alder-flies. 

Head square with fairly long antennae ; prothorax large ; 
wings sloped over the body. 

The distribution of this family is mainly temperate, but a 
number are found in the tropics. 

They are heavy insects of dull coloration (Plate Tl, Fig. 0), 
slow on the wing and generally sluggish in habits. The l)ody 
is somewhat massive in build with a large head and fairly long 
antennae. The wings, which are generally smoky, have 
venation similar to that of the Nenroptera, When at rest 
they are sloped roof-like over the body. These insects are to 
be found almost entirely in the vicinity of water. 

The head is large and square, with or without ocelli, but 
compound eyes are always present. Mandibles are of the 
biting type, toothed internally as a rule. They may be 
enormously developed as in the male Corydalis, The prothorax 
is large and square. Wings are almost equal in size, tyaline 
or smoky and net-veined. Walking legs are present. The 
larva (Plate II, Fig. 7) resembles a Carabid larva to a certain 
extent, the head and thoracic segments being strongly 
chitinized, while the abdomen is soft. Biting mouth-parts, 
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with well developed mandibles and maxilla', are borne by the 
head, which is large and rather square. The legs are slightly 
fringed with hairs. There is an abdomen of nine segments 
tapering to a tail. The first seven abdominal segments art' 
furnished with tracheal gills, which are filamentous, and curve 
upwards over the body, in Sialu^. The number and arrange- 
ment of these tracheal gills is, however, very variable among 
the different forms. Of the internal anatomy it may be noted 
that there is a diverticulum, or food reservoir, to the (esophagus. 
There are six Malpighian tubules. 

The family has been divided into two sub families 

(1) Corydalinw, which have thive ocelli ami tlu' fourth 
tarsal joint simple. These are large insects of which tlu* two 
main genera are Corydalis and Chaulwdes. 

(2) Sialidinw, which have no ocelli and the fourth tarsal 
joint bilobed. These are small insects mainly found in 
temperate climates. Sialis may be mentioned as type. 

Corydalu cormitus of N. America has the following life- 
history. Pairing takes })lace in tlu* middle of summer, tlu' 
male using its huge mandibh's to hold tlu' female. Al)out 
,‘{,000 eggs are laid by a single female, in flat j){itches on leav(‘s 
overhanging water. The larva drops into the water on 
hatching, and is carnivorous, in form it is vcTy like the 
larva of Sialis, but there are eight ])airs of bushy abdominal 
gills, each gill tuft having by the side of it an additional longer 
filament. The winter is passed as a larva, and in early sumnuT 
it leaves the water, making a cell in the earth uikUt a log or 
stone, in which to pupate. There are six moults l)efore 
pupation. The pupal stage is short and the fly emerges a few 
weeks later. (A. H. Packard, Junr.) 

Sialis (Plate II, Fig. 6) has a very similar life cycle, eggs to 
the number of two or three thousand being laid in dark masses 
on leaves near water. The egg is cylindrical with a stalked 
knob at one end. Larvae hatch and live in mud at the bottom 
of ponds, feeding on worms and other soft-bodied animals. 
When lull fed they leave the water and pupate, either in a cell 
excavated in the bank, or often in decaying logs near the 
water’s edge. There is no cocoon and the legs of the pupa 
are freely movable. The fly emerges in a few weeks after 
pupation, and may be found from the beginning of April until 
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June. There is one brood in the year. Winter is passed as 
a larva. 

Alder- flies, both as larvae and imagines, are preyed upon by 
fish and birds. The eggs are parasitized by various Hymenop- 
tera^ especially by the well-known fairy-flies. 

Keference : Van der Weele, Coll. Zool. Selys. V, 1910. 

In Britain we have two species of Sialis, S. lutaria and 
S. fuliginosa. (See MacLachlan, 1868.) 

The family is of no economic importance. 


lUPIITDTIDiE. 


Snake-flies. 

Head and prothorax elongated. Female with a long 
ovipositor. 

Distribution almost entirely Palearctic and Nearctic. 

Snake-flies (Plate II, Fig. 8) can at once be recognized in 
the field by the curious neck, formed by the prothorax. When 
at rest this neck is raised and the head depressed, giving a 
very characteristic attitude. Flight is weak ; the wings are 
transparent and net-veined, when at rest being held roofwise 
over the body. The colour of the body is dark brown. 

Both head and prothorax are strongly chitinized ; mandibles 
powerful and toothed on their inner margins. The antennae 
are simple, slender and usually about half the length of the 
wings. There is a pair of compound eyes ; ocelli may be 
present {RapMdia) or absent (Inocellia), The prothorax is 
sub-cylindrical and long. Wings are of Neuropterous pattern 
with a distinct pterostigma. There are six walking legs. 
In the female there is a long exserted ovipositor (Plate II, 
Fig 8). 

The salivary glands are long and tubular. There is a 
food reservoir as in Sialidm. Four out of the six Malpighian 
tubules are attached at their extremities to form loops. 

Eggs are laid by the female with her slender ovipositor in 
cracks in the bark of trees. The eggs are rather elongate and 
have a stalked knob as in Sialidce. The larva (Plate II, Fig. 9) 
resembles a Carabid larva. Both head and prothorax are 
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strongly chitinized. The abdomen is soft. Tliere are biting, 
carnivorous mandibles, short antenna? and simple eyes. The 
body is very flexible, and the larva can wriggle rapidly back- 
wards, using the tip of the abdomen as an additional leg. 
Larvie live under the bark, or in crevices, and feed on small 
in.sects and larva\ They can fast for quite long periods, and 
may pass two or more years as a larva if food is scarce. The 
pupa lies in a slight cell or cavity under the bark; there is 
no cocoon. At the end of this stage, the j)upa crawls out of 
its cell and for a short distance up the trunk of the tree, before' 
the imago appears. There is never more than one l)rood in 
the year ; the insect generally hibernates as a larva, but 
IhtpMdia maculicoUis passes the greater ])art of the winter 
in the pupal state (C. L. W.). As checks may lx* mentioned 
fungal (e.g. E7npus(i Imnpyridarum) and Hymenopterous 
parasites, which attack the larva. 

There are several monographs on the family ; see Navas, 
Arch. Catalan, 1918, and Petersen, (hai. Ins. Kase. 154 

(1914). Albaida monographed the Raphid.iida' in Tijdsrhr. 
Enioni. XXXIV, 1891. 

We have four British species of Baphidia \ B. vofata, B. 
xanlhostignm, B. cognata, and B. maculifollis. 'Fhe British 
work on the family is that of MacLachlan (1808). 



NEUROPTERA (Planipennia) 


Lace-wings and Ant-lions. 

Wings net-veined, equal or unequal. Larva with mouth- 
parts modified for piercing and sucking. 

The order Nciiroptcra, as now restricted, contains sixteen 
families. A number of these were previously included in the 
one family HewerobiuUr, hut many, notably the ithonidee 
and Nyrnphidw, are so distinct as certainly to warrant 
family rank. The sequence adopted here agrees with that 
of Tilly ard. The families are : ItJionidiB, Hemerobiidw, 
Dilaridm, Smjridw, Coniopterygidm^ Psycliopsidw, Pohjsimdw- 
tidee, Osmylidiv, Berothidiv, Chrysogndw, Aj^ochrysidw, Mantis- 
2)id(r, Nymphidiv^ Nemopterida^ Myrmelcovida', Ascalaphidcv. 

The order is remarkably homogeneous. In the imago 
there is a distinct head with mandihulate mouth-parts, large, 
or fairly large antennic, compound eyes, and sometimes ocelli. 
The prothorax is always distinct and well developed. The 
wings are net- veined, usually with a complicated system of 
venation. Legs arc simple or modified, as in Mantispa. 
Internally there is a food reservoir as a diverticulum of the 
oesophagus, and eight Malpighian tubes. 

The larva is predaceous and feeds on other insects and the 
like, in some cases on sponges (Sisyra). The head bears simple 
eyes, composed of groups of ocelli, and short antenna'. Each 
mandible is grooved on its ventral side, and against this groove 
the maxilla is pressed in such a way as to form a complete 
tube. The larva is thus furnished with a pair of tubular 
sucking jaws, by means of which it can extract the juices of 
its prey. There is no maxillary palpus, but labial palpi arc 
generally present. The mouth is partly closed and all nutri- 
ment is taken in fluid form through the jaws. The tla^^rax is 
soft and not chitinized as in Megaloptera. There are six legs, 
each with two tarsal claws. The alimentary canal is fairly 
simple, but there is no communication between the pyloric 
end of the stomach and the anus. All solid waste is therefore 
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WiUnjvomhe. 

PlATK 111. XkL KOrTKUA. ^ 

1. ‘ Itfione fiisra iinn^'o (x J). Itlioiildio. 

2, Conurntzia psttciformh iiiiajio (x 4). ( oiiioi.t.'i vuidu'. 

, ,, . ” . ” *:*rva ( X 4). 

4. honomyut xuhnvhulom imafj:o S ( x 4). {{('iiu rohiidio. 

‘V »• Jjirva ( X 4). 

t). Vltrifsopa srptniipimctota imaiio (x 1^). Chrv^opida* 

7. r. flam larva (x 4), Chrysitpida*, 

5. 0,s/«///«.v cfir!/sop,s iiiiajio '( x 2). Osmylidip. 

'J- >» „ larva ( x 4'. 

10. l^si/chupsis zebra inia^o ( x 2). IVychop^itla'. 


I To jace p. 205. 
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stored in the mid-gut, and is evacuated in a mass during tlie 
early part of imaginal life. There are eight Malpighian tubules, 
and of these six have their distal ends united and lead to a 
reservoir which communicates with the anus. At the end of 
the larval period the greater part of each of the loo})ed 
Malpighian tubules becomes differentiated as a silk-secreting 
gland, and the nuclei of the cells so specialized become ramilied 
as in true silk glands. The silk secreted collects in the reservoir 
and is spun out through the anus when the cocoon is con- 
structed. This structure is found in all the Neuroptera, and 
although modification of the mouth-parts occur, the })rinciple 
is always the same. 

The iife-cycle varies considerably, but the larva is always 
predaceous. There are three larval instars, except in Jthoniihr 
with five and Croce reported with two. A cocoon is sp\in by 
the hirva, and is usually remarkably small compan’d with 
the size of the larva and of the emerging insect. The ])upa 
is (piiescent, but all the limbs are fr(‘('ly movable in late 
pupal life. It is })rovided with s])ecial mandibles with which 
to cut its way out of the cocoon. 

The order is wholly beneficial to man. This ap])lics especially 
to the HemerohiuUv y Coniopkryijuhv and ChrysophUi, which 
check Aphids, Coccids, mites, etc. 

Monographs on the families of the Nei(ro}>fera are mentioned 
under each. A general classification is given l)y K. J. 'I illyard, 
Proc. Linn, Soc. N.S.W., 1918. 

In Britain we have representatives of Ilf incrohiido’, Siyyriil(t\ 
Coniopteryguhv, OsrnyliiUv^ and Chrysopid(v. hor accoimtss(*e 
MacLachlan, Trans. Knt. Soc. Lond.^ 1808. 


iTHONIDiE. 

Moth lace-wings. 

Stout-bodied insects with large heads, filamentous an- 
tennae, and narrow equal wings. 

• 

The ithonidee are native to Australia and Tasmania, 
but have been introduced into New Zealand. These insects 
(Plate III, Fig. 1) bear considerable resemblance to the 
Hepialidce among moths, but no scales arc present. They are 
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of dingy colours and probably approach the Megahptera more 
nearly than any other of the Neuroptera. When at rest the 
wings lie close to the body. The legs are short, but Ithone 
can run rapidly like a cockroach. 

The head is large and sessile on the prothorax. There are 
well-developed biting mandibles which are not toothed 
internally. Those of the male are longer and sharper than 
those of the female. The maxillae have five- jointed palpi, 
the labium is reduced and bears a pair of long three- jointed 
palpi. Antennae arc filiform and tapering, prominent com- 
pound eyes are present, but ocelli are wanting or vestigeal. 
The thorax is stout, the wings are narrow and usually dark 
brown in colour. When at rest they are roofed over the body. 
There are one or more radial sectors and a humeral recurrent 
vein is present. Legs are short, each with a five-jointed tarsus 
jMid bilobed ompodium. The abdomen is stout. Males are 
smaller than females and can be recognized by the genitalia. 

Eggs are laid in sand and are large, oval and soft : being 
covered with a sticky material the sand grains adhere to them. 
The larva is a soft, whitish, burrowing, blind, Melolonthoid 
grub (Plate IT, Fig. 10). Mandibles and maxillso are, as usual, 
adapted for sucking, but are short and of simple form. This 
larva passes a subterranean existence, feeding upon other 
larva), as for example those of Melolonthid beetles. There 
are five larval instars. The pupa is enveloped in a cocoon 
and is also under sand. When about to emerge the pupa 
escapes and makes its way to the surface. 

The family has been reviewed by Tillyard, Trans. Linn. Soc, 
N.8.W., 1919, and the life-history of Ithone described {Bull. 
Eiit. Kes., 1922). 

Economic importance slight, but beneficial. 

Hemerobiid/E. 

Brown lace- wings. 

Antennae long, moniliform. Wings with at least two 
radial sectors. Subcosta runs into margin of wing and not 
into radius. 

This family is of world- wide distribution. The Hemerobiidm 
are delicate Neuropterous insects (Plate III, Fig. 4), usually 
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coloured in browns. They frequent woods mainly. Some 
approach the Lepidoptera in form, e.g. I^reimnepterijx. which 
strongly resembles a Drcpanid moth, but tlie wings are never 
scaly. When at rest the wings are lield stee})ly roof-like 
over the body, the antennae being stretched out in front in a 
straight line. Habits are mainly nocturnal, but flight by day 
is by no means uncommon, especially on disturbance. 

The head is furnished with compound eyes. Antenna^ are 
moniliform ; mouth-parts biting. The prothorax is frecpiently 
longer than either of the other two thoracic segments, but not 
as long as in Chrympid(i\ The wings have many v('ins and 
are of the usual type. Sex determination is by means of 
the genitalia, which arc as a rule easily visible (‘xternally. 

The larva (Plate III, Fig. 5) is somewhat elongated, hut 
really quite typical in both external and internal structure'. 
The mandibles and maxilUe unite to form a tube, but the 
sucking jaws thus formed are fairly short and stout, inwardly 
curved. They arc simple and not toothed. The' lu*ad itself 
is relatively small, and is provided with short fdiform antenme 
and simple eyes. The body is naked except for very minute 
hairs. There are three pairs of walking logs, and the anal 
extremity is used as an additional leg when in motion. In 
the larval state there is no external opening to the alinn'iitary 
canal, and the anus is used as a spinneret for silk secreted by 
the Malpighian tubules. 

Eggs are generally laid singly, attached by their sides to 
leaves and twigs of trees. They are of long oval shape, 
averaging about | to 1 mm. in length. At the micropylar end 
is a small knob. The larva escapes by a rent in the eggshell 
and feeds on small Rhynchota and mites. There are three larval 
instars ; pupation occurs in a loosely woven, elliptical cocoon 
spun by the larva among leaves, or in crevices of tree bark, 
or in moss on the ground. The pupa tears a hole in the cocoon 
and climbs to a suitable position before the imago appears. 

Larvae of Hemerobiids are attacked by several Hymenop- 
terons parasites. Birds, ants and spiders prey on the adults. 

A revision of the Nearctic H enter obiidcr is given by Banks in 
Trans. Amer. Ent. 8oc,f 1906. For classification see ICriiger, 
1922. Navas has published a table of genera and tribes in 
Broteria 9 (1910). MacLachlan monographed the British 
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forms in 1868, and published further notes in EnL Mo, Mag.y 
1899. 8eo also Withycombe, 1922. 

Tlie Hemerobiidm are wholly beneficial to man and often 
occur in large numbers on forest trees, acting as checks on 
Aphids, Jassids, etc. 


Dilarid^e. 

Antennae of male pectinated, female with a long exserted 
ovipositor. 

These insects arc found sparsely in most parts of the world. 
In general appearance they resemble the Hemerobiids, })ut the 
pectinate antennse of the male and the long ovipositor of the 
female at once separates them. 

The head has three tubercles on the vertex which much 
resemble ocelli. Prothorax transverse, wings entire with four 
or more radial sectors. The subcosta ends in the margin of 
wing and does not run into the radius. Gradate veinlets 
are irregular. In the female the hind- wings tend to atroj)hy. 
Metamorphoses apparently not known. The long ovipositor 
of the female suggests a similar habit of life to that of liajdiidia, 
but the imagines are generally found near water. 

The family has been monographed by Navas, (kv. Ina, 156. 

StSYRID/E. 

Small brown insects resembling Hemerobiids, but with 
one radial sector. The subcosta runs into the radius in 
the region of the pterostigma. 

. The Sisyridcc are mainly North Temperate in distribution. 

Though their general appearance is the same as that of 
Hemerobiids, the Sisyridm arc quite different in habits, being 
entirely aquatic as larvae. They are usually dark brown in 
colour, the wings being, as a rule, unspotted. Antennae are 
moniliform and simple. There are no ocelli. The last joint 
of the labial palpi is swollen. In the wings, there is one radial 
sector, which does not generally branch more than twice. 
Costal veinlets are simple, there is no recurrent humeral vein, 
no gradate series, and very few cross-veins. 

Eggs are of Hemerobiid forms, *35 mm. long, laid in groups 
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and covered by a thin layer of silk by the female. The larva, 
lives in or upon sponges. It has very much elongated, needle- 
like, but flexible mandibles and maxilhe. On the ventral surface 
of each of the first seven abdominal segmeids are a pair of 
jointed, leg-like, tracheal gills. When full fed the larva leaves 
the water and spins a small cocoon of silk on walls or amongst 
herbage, etc. From this, in due course, the fly emerges. 
(Withycornbe, 1922). 

Three species of Sisyra are found in the British Isles : S. 
fusmta, S. ierrnimbs and /S'. Dalii. These have be(‘n treated 
of by MacLachlan, 1S08. 


CoMOrTKKVCJID.K. 


Mealy- wings. 

Very small, the entire insect covered with a white waxy 
powder. Wing venation simple. Hind -wings always 
smaller than fore -wings and sometimes much reduced. 

Species of this family are r(‘eorded from most j)arts of th(‘ 
world. They are small flies (Plate 111, Fig. 2), averaging an 
eighth of an inch in length with wings at rest. They res(‘mbl(^ 
the Aleuro(li(l(r as tlie wings and body are eover(‘d with a white; 
waxy powder ; they can, how'cver, at once be distingiiished by 
their long antenna^, biting mouth-parts and more complex 
venation. The wings at rest are carried steeply roofwise over 
the body. Flight is weak and of short duration. 

The head is relatively large with long moniliform antenna;, 
compound eyes and biting mouth-parts. J^egs are well 
developed, and the insect can run rapidly. The wings have a 
fairly simple venation with very few cross-veins and are 
covered with the white waxy powder common to the whole 
insect. In the genus Conwentzia,i^^ hind-wings are consider- 
ably reduced. The tribe Alenroptenjgincp is remarkable in that 
these insects have a pair of curious eversible ventral sacs on 
eaclf of abdominal segments one to five, and a rudimentary 
pair on the sixth abdominal segment. These are situated just 
below the spiracles ; their function is unknown. 

The larva (Plate III, Fig. 3) is ovoid or fusiform with well- 
developed legs. The mouth-parts are somewhat modified from 
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the usual type found in this order, being reduced to a conical 
form, but in working principles they are quite in accordance 
with the rest of the Neuroptera. 

The insects are semi-gregarious, and where found are often 
plentiful, oak trees especially are frequently covered with the 
white cocoons of Conwentzia, Eggs are generally laid singly 
on the edges of leaves or on the twigs and bark. The egg is 
of an elongated oval shape slightly flattened and lies attached 
by its side to a surface. At the micropylar end it may be 
pointed. Colour when first laid is yellow or orange. Larvae 
hatch in about a week and feed voraciously on mites and small 
Rhynchoia. On oaks they constitute an important check on 
the Phylloxera y in virtue of their great abundance. The larva 
runs rapidly about, piercing its prey with the conical sucking 
spears and extracting all fluid matter. The body of the 
larva is naked, save for small hairs. There are three larval 
instars. When full fed a flat circular cocoon of white silk is 
spun which consists of two envelopes, an outer and an inner. 
This the larva constructs by moving the anal spinneret to and 
fro over its back, having first selected a suitable position on 
the underside of a leaf or on the bark of the tree. The pupa 
on emerging from the cocoon cuts a semicircular slit in both 
envelopes, and the perfect insect emerges from the pupal skin. 
There are usually two broods in the year. The late summer 
brood of larvsD always spin on the bark of the tree and never 
on the leaves. Winter is passed as a larva within the cocoon, 
pupation not occurring until spring. These insects arc entirely 
confined to trees and woody shrubs. Several Hymenopterous 
parasites attack the larvae. Chrysopid larvae prey on both 
larvae and pupae of Coniopterygida^. 

The family was monographed by Enderlein, Zool. Jalirb., 
1906, and there is a catalogue of the genera by the same author 
in Gen. Ins. 67, 1908. Bagnall had a brief review of the 
European species in Ent. Bee., 1915, see also Withycombe, 
1922, 1923. As British there are recorded two species of 
Conwentzia, two of Coniopteryx, one of Semidalis, onft of 
Parasemidalis, and one of Helkmonis. 

This family is wholly beneficial to man, and the insects, when 
abundant, may act as a very appreciable check on the smaller 
noxious fauna of trees. 
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PSYCHOrSID^. 

Wings very broad with rounded apices. Subcosta, radius, 
and radial sector run together closely parallel, forming the 
vena triplica, which is quite characteristic. Antennae short. 

The Psychopmlw are mainly Australian and African in 
distribution. In appearance (Plate 111, Fig. 10) they are so 
distinct that it would be difficult to confuse them with any 
other insects. The wings arc very broad and liavi' a soft, 
hairy appearance. When at rest they are roofed over the body. 
Antennae are short and quite inconspicuous. The head is of 
medium or small size, with lateral compound eyes and no 
ocelli. The mandibles are small ; maxilhe with five-jointed 
palpi ; labial palpi three- jointed. The legs are short ; tarsus 
five-jointed with a broad empodium betwcu^n the claws. I'he 
wings are very broad and rounded. (\)stal area wide*, with 
no differentiated pterostigma. The subcosta, radius, and 
radial sector run closely together as the vena tnplua and form 
the anastoinosis a short distance from apex of wing. A series 
of cross veinlets runs in the costal area and outsid(‘ the* outer 
gradate series, thus cutting off a margin round the* wing. This 
and the vena triplica are particularly noteworthy in the 
Psychopsid wing. The abdomen is short and fairly stout. 

The larva has a large, strongly chitinized, chestnut-brown 
head, with a pair of untootheil, curved, caliper-like* sucking 
jaws. Between the jaws is a triangular, i)re)jecting labrum. 
The long antenna? are ten-jointed, anel la])ial palpi five^-jointed 
in the third-instar larva. The rest of the be)ely is soft anel 
greyish-brown in colour. It is slightly flattened, fairly long, 
and tapers posteriorly. The legs are short, fitteel for l)ackwarel 
movement and possess, between the twe) tarsal claws, a 
trumpet-shaped empodium, as also found in Chrysojnel larva?. 

The life-history of Psychopsis elegans Guer. is as follows: 
Eggs are laid, attached by their sides, on the bark of Myrtaceous 
tree*, especially on Eucalyptns. They are oval, with a micro- 
pylar projection and are about 1 mm. in length. Iheir colour 
is cream, tinged with green. Oviposition takes place in 
January and February in Australia. After about twelve days 
the young larva hatches and at once conceals itself in a crevice 
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of the bark. It lives in this way, underbark much as does the 
larva of Raphidiu, and like the latter prefers moving backward 
in its retreat. Any small insects are accepted as food, being 
sucked dry by the curved jaws. The first winter is paLsed as 
a first-instar larva, the second winter in the third instar, and 
in the following spring an almost spherical cocoon of cream 
coloured silk is spun in a crevice. On emergence the pupa 
cuts with its jaws, which are asymmetrical, a circular lid in 
the cocoon, and pushing this open ascends the tree trunk a 
short distance before disclosing the imago. 

Birds liave been observed to feed upon the imagines. 

Tillyard gives an account of the Psychopmhr in Proc. Linn. 
Sac. N.S.W. 1918, and the life-history of P. elegans in the same 
procecnlings for 1919. 

These insects are too rare to be of any economic importance, 
though they are wholly beneficial. There are no British 
species. 


Polyst(echotid;e. 

Win^s ample, sub-acute, speckled with black or brown. 
The subcosta runs into the radius near pterostigma. One 
radial sector with ten to twenty branches. Humeral 
vein recurrent. 

PolyMmvhotes punetaim is fairly common in North America, 
and appears to have similar haunts to those of Omylm in 
Europe. 

In general appearance Poly^tcechotes is like a large Hemerobiid 
with rather short antennae and slightly more acute wings. It 
expands about two and a half inches. The main venational 
characters have been mentioned. 

Welch (Bull. Brooklyn Ent. Boc. 1914) says that the eggs are 
oval, chalk-white in colour, and ’92 to ’94 mm. long. The 
larva hatches in fifteen days, and is apparently very like a 
Hemerobiid larva with short and stout inwardly curved jaws, 
but the antennae have more joints than Hemerobiids — aight 
on hatching. Welch believes that the larva is terrestrial. 

Life-history not fully known. Banks in his Revision of the 
Nearctic H enter obiidm, 1906, gives an account of Polysioecliotes 
punctains. There are no British species. 
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OSMYLID^. 

Fore -wings, which tend to be somewhat falcate, with one 
radial sector. The subcosta is confluent with the radius at 
apex. The humeral cross-vein is not recurrent. Head with 
three ocelli. 

The Osmylidm have almost a world-wide distribution, but 
are not recorded from North America. They are insects of 
moderate size, found near water. C'olour brown, wings often 
spotted or marked with darker. Tlie subfalcate wings are 
characteristic (Plate HI, Fig. 8). Tlie sexes an^ similar. 

The head has three ocelli and moniliform anteniue which 
are shorter than the wings. Prothorax longer than broad. 
Wings with subcosta and radius coniluent near |)t(‘rostigma, 
and other characters as above. 

Eggs are laid near water, the egg being 1*5 mm. long, yc'llow- 
ish-white, oval, with a white knob atthemicrojn larend. Th(‘ 
larva (Plate III, Fig. 0) is amphibious, of g(‘n(‘ral [|(‘merobiid 
shape, but with long, almost straight sucking spears. 'riu‘ 
mandibles and maxilhe are much elongated, curved ii])wards 
and slightly outwards. The larva pr(‘ys upon other ins(‘ets 
and lives among damp moss, etc., at or near the watcT's edg(‘. 
When almost full fed the larva hibernates, and in spring or 
early summer an irregular rounded cocoon of silk is s])nn in 
moss or debris. The imago is sluggish, only Hying by day on 
disturbance. 

The family has been monographed by Kriiger in Siettinf r Enf. 
Ztg. 73 and 74, 1913. 

We have only one British specie’s, 0,swylns chryyopf^, 3 his 
is mentioned by MacLachlan in his monograph of 1808. 

No economic importance can be attributed to the ()s 7 nyh(l(r. 


Berotiiid^e (including TrichowaiuUv). 

Fo)^ -wings frequently falcate, scales often present on 
wings. Otherwise rather similar to Hemerobiidae. 

The Berothidee are fairly generally distributed throughout 
the world, but appear to be nowhere common. They are 
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mostly dingy brown in colour, and but for small venatioml 
characters are hardly distinguishable from Hemerobiids, with 
which in fact they have been generally classed. 

Little need be said as to their structure, which in most points 
does not differ from that of other Neuroptera. The wings are 
worthy of notice, however, as those of many species hav^e 
scaly areas. Thus females of Spermaphorella have a scale 
area on the veins of the hind-wings, while the fringes of the 
wings in Isoscelipteron are composed partly of scales. These 
scales are modified macrotrichia. The venation varies through- 
out the family. 

Tillyard gives an account of eggs and young larvae of Sper- 
mopJiorella in Proc, Linn, Soc. N.S.W. 1916. The eggs are 
stalked and very like those of Chrysopa, The larva is terrestrial 
with short, straight jaws. 

lieferences to the Berothidm may be found under Hemero- 
biidm, Tillyard gives a short account of the venation, scales, 
etc., in Proc. Linn, Soc. N.S.W. 1918-1919, and Kriiger a 
classification in Slett. Ent. Ztg.^ 1922. 


CHRYSOPIDiE. 

Green lace-wings, Stink-flies, Golden eyes. 

Colour generally green. Antennae filiform, long. Wings 
hyaline, subcosta and radius separate to the apex, subcostal 
area with one transverse veinlet near the base, and several 
at apex near pterostigma. No recurrent humeral vein. 

Distribution of the family is both temperate and tropical. 

" The flies are generally greenish in colour, with golden eyes 
(Plate III, Fig. 6). The antennae are long and the wings 
delicate, transparent, with many cross veins. Both pairs are 
almost equal in size. When handled these insects frequently 
give off a very disagreeable odour, from prothoracic glands, 
which it is difficult to get rid of. They are mainly nocturnal 
in habits and are attracted by light. 

A pair of long filiform antennae and large compound eyes, 
generally of metallic golden colour in life, are the main features 
of the head, which is also provided with biting mouth-parts. 
The prothorax is rather long. The wings are delicate and net- 
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veined, most frequently hyaline and not marked. Both 
pairs are almost equal in size. The main venatioiial char- 
acters have been mentioned. The legs are short and frail. 
Abdomen elongate. The sexes are often difficult to deter- 
mine except by dissection, as the genitalia are frequently 
concealed. 

The larva (Plate III, Fig. 7) is as a rule stouter than that of 
HemerobiuSy and some larva) are covered with setigerous warts. 
Between the two tarsal claws is a trumpet-shaped empodium 
which is not found in full and half-grown Hemerobiid 
larva). The sucking jaws are of the general type, curved and 
untoothed. 

Internal anatomy presents no great dilTerences from tJiat 
of other NeAiroptera. There is a food reservoir to the (esophagus 
in the imago. The larva has no functional anus, but us(‘s tlu' 
same as a spinneret in constructing its cocoon. 

Eggs are laid, each at the end of a long footstalk, attached 
to the underside of leaves, etc., where aphids are abundant. 
These eggs may be found singly or in masses, and in sonu^ 
species the footstalks are so close togc^tluT as to Ix^ agglutinatc'd 
into a common stalk. The larva escapes by a rtuit in tlu' egg- 
shell, and if any unhatchcd eggs are present, makes its first 
meal off these. The larva) are fiercely carnivorous, ])i(‘rcing 
their prey with their sucking jaws and extra(*ting the juice s. 
They feed mainly on Aphids, Psyllids, and .fassids, but 
many subsist also on (^occids and mit(‘s. (Iirysoj)id larva* 
frequently have the habit of covering thems('lv('s with A{)hi(l 
skins and other debris, which they carry about with them, but 
some larva) are always nude, like those of Hemerobiids. At 
the end of the third instar the larva spins a small white oval 
cocoon in which to pupate. The pupa, when esca[>ing from 
its cocoon, cuts a circular slit at one end with its pupal man- 
dibles and, pushing open the lid thus formed, walks a short 
distance before the imago is disclosed. 

The number of broods each year varies with the temperatur(*. 
In England, Chrysopids are single, or at most double-brooded, 
but in warmer climates four or five broods seem to be the rule. 
The species hibernate in all stages, except perhaps in the eggs. 
Usually the winter is passed as a larva within the cocoon, 
pupation not occurring until the following spring. Lace-wings 

X 
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are found mainly in orchards and woods, but the larv^. / 
species live on low plants. ” 

As checks, one finds several Hymenopterous pamites which 
lay their eggs either in the eggs or larvae of Chrysopids. Numbers 
of the flies are often seen in spiders’ webs, and a few may be 
eaten by birds, but they are probably distasteful owing to their 
disgusting smell 

Very little systematic work of a comprehensive nature has 
been done recently on the Chrysopidee. Schneider mono- 
graphed the family in 1851. Since then, Navas has published 
notes on various species and he gives a table of genera and 
species in Broteria 9. 

The best British work is still that of MacLachlan (1868). 
There are thirteen species of Ghrysopa and two of Nothochrym 
found in Britain. 

The family is of considerable economic importance, since 
the larvae prey entirely upon Aphids, Coccids, etc. 

ArocHRYSiDi^:. 

Very like Chrysopidae, but there is no transverse veinlet 
near the base of the subcostal area. 

The Apochrysuhe are exotic forms about which very little 
appears to be known. In life-history, as also in general 
appearance, tliey probably approach the Clirysopids, with 
which they have been classed by most authors. 

The antennae are sometimes exceedingly long. The wings 
are very like those of Clirysopids, but there is a tendency to 
reduction in the width of the hind- wings. There are three or 
even four gradate series, and often curious “ blisters ” occur 
upon the wings. References to this family will be found under 
Chry sapid IV , 


Mantispid^e. 

Prothorax long, fore-legs raptorial. 

This family is distributed throughout the tropics, but a few 
species are found in warm temperate regions. Mantispids 
(Plate IV, Fig. 7) might easily be mistaken for Mantids, to 
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which they bear a considerable resemblance. All are, how- 
ever, of small size ; the wings are typically Neuropterous and 
are roofed over the body. The fore-wings are in no way thick- 
ened as tegmina. General colour is brown, but some have 
warning coloration and mimic Hyrnerioptera. 

The head is rounded, with compound eyes and a pair of short 
antennae, which are simple. Mouth-parts are of mandibulato 
type. The prothorax is much elongated and the raptorial 
fore-legs are situated near the head. These legs are very 
similar to those of the Maniidce. The coxae are long, the femur 
is thickened and spiny. The tibia folds like a clasp-knife on 
to these spines and thus constitutes an admirable organ of 
prehension. The tarsus is quite small. Meso- and meta- 
thorax are both short and bear ordinary walking legs. The 
two pairs of wings are membranous, often transj)arent, with 
netted veins, and are almost equal in size. 

The larva is at first campodeiform, but lat(T Ix eomes a fat 
grub with reduced legs. The mouth-j)arts are short but shar]) 
and adapted for piercing. 

The female insect lays its eggs in a similar way to ('hryfiopa, 
each egg being borne on a slender footstalk. 

On hatching in autumn the larva* are active* and somewhat 
like Carabid larvae but of course with totally diiferent jaws. 
They moult once and then hibernate without having tak(*n 
food. In spring, activity is resumed and each larva searches 
out the egg-cocoon of a spider (Lycom). This is entered by 
the larva and when the spider’s eggs have reached a certain 
stage in development, the young Mantispa commences fe(‘ding 
on them. The next moult reveals an almost legless grub, 
which has a small head ancl which is quite incapable of loco- 
motion. In a few days it is full fed and spins a cocoon insidi* 
that of the spider. The pupa does not cast the larva skin, hut 
remains inside it. Finally the pupa tears its way out from all 
its envelopes and emerges from the spider’s egg-bag. On 
reaching a suitable support the imago appears. It should l>e 
noted •that only one Mantispa larva lives in a single egg-bag, 
and also that the Lycosay who personally guards her eggs, does 
not desert them until the Mantispa has pupated. 

Above is the account given by Brauer of the European 
species ; some tropical forms, however, parasitize the nests of 
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Hymenoptera, one South American species living in the nest 
of a wasp. 

Enderlein gives a classification of the Mantispidm in Stett. 
Ent. Ztg. 1910. Brauer wrote on Mantispa in Verh, Zool Bot, 
Qes. Wien, 1869, and in Zool Anz. 1887, besides various other 
accounts. 

In Britain we have no Mantispids. 


Nympiiid^. 

Wings and general appearance very like Myrmeleonidae, 
but antennae filiform and not clubbed. 

The Nymphidm are entirely confined to Australia. At first 
sight one would certainly consider one of these insects to belong 
to the Myrrneleonuke, the likeness being very striking (Plate 
IV, Fig. 1), but the antennae are simple and not clubbed, and 
they are also usually slightly longer than those of the 
Myrmcleonids. 

The head is large and distinct with biting mouth-parts and 
fairly long maxillary and labial palpi. The antennae are fili- 
form, nearly half as long as the wings and tapering at their 
apices. There are no ocelli. The prothorax is slightly longer 
than broad. Legs are well developed, with two tarsal claws 
and bilobed empodium. The wings are ample with a venation 
very similar to that of the Myrrneleonidtr. The costal veinlets 
in the region of the pterostigma are very close together and 
extend thus from the pterostigma round the apex of wing, 
giving a characteristic appearance. The same formation 
occurs in Myrmeleonidie, but usually less noticeably. The 
abdomen is slender. The external genitalia of the male are quite 
conspicuous, but the claspers are not long and slender as in the 
Myrmelemiidm. 

The larvse of Nyinplm myrmeleonides live in rubbish or on 
overturned logs. The body is covered with particles of earth, 
so that only the front of the head and jaws are exposed. ‘They 
rest motionless, but can move quite rapidly when disturbed. 
From the situations in which they occur, their food probably 
consists of wood ants. When full fed the larva is two-thirds 
of an inch long. The head is furnished with long curved jaw^, 
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each with a single tooth on its inner margin, about half-way 
from the tip. The eyes are composed of six facets and project 
near the base of the jaws. The hind margin of the head has 
two rounded lobes. The antennae are filiform, with a short 
basal joint. The head is connected to the thorax by a slender 
neck and the prothorax is produced into two lobes projecting 
on either side of the head. These lobes, together with the rest 
of the thorax, form a shield-shaped plate. Legs are long, 
slender, and hairy, with large claws. The abdomen is narrow 
at the base, elongate oval, with a short pointed tubercle stand- 
ing out in the centre of each segment. The entire abdomiui 
is coated with hairs and fringed at the sides with longer hairs. 

A round parchment-like cocoon is spun for pupation. 

There is no recent work on the Nymphuhv excej)t descrip- 
tions of species. The account of the larva given above is from 
Froggatt, Proc, Linn, Soc, N.S,W, 1902. 


NeMOFTERID/K. 

Hind-wings very long and narrow. Antennae elongate, 
not clubbed. 

In tropical and sub-tropical countries these elegant insects 
may be seen at dusk, dancing in small groups, in secluded and 
sheltered spots, much in the same way as do the familiar 
“ winter gnats ” and some Tipulids in this country. The 
wings may be colourless or marked with yellow and l)lack. 
The fore-wings (Plate IV, Fig. 3), which are broad, are used in 
flight, the long hind-wings being trailed. When at rest the 
wings are opposed to one another, as in the case of butterflies. 

The head bears antennae which, though they may be thickened 
in some cases, are not clubbed. Mouth-parts are in the form 
of a beak, the clypeus and genae being elongated. The legs 
are short and frail. Fore- wings are of typical Neuropterous 
pattern and very broad, but the hind-wings have the venation 
reduced and are long and narrow. In Nemoptera the hind- wings 
are oar-shaped, but in Croce they are reduced to slender 
filaments. The sexes may be distinguished by the external 
claspers of the male. 

The larvae vary greatly. In the Crociniy the larva has a 
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more or less long and narrow “ neck ” and toothed (Croce) or 
untoothed (Nina and Ptero-croce) mandibles. The larva of 
Nemopiera has short stout jaws and no long neck [to be des- 
cribed shortly (C. L. W.)]. The larva of Ptero-croce is figured 
(Plate IV, Fig. 4). 

The life-history in the Crocini takes from one to two years. 
Eggs are laid in the sand of caves, or in the dust and rubbish 
on the floors of deserted houses or sheds. These eggs are '5 to 
1 mm. in diameter, spherical or oval, and pale yellow or green- 
ish in colour. They are deposited in loose clusters to which 
the dust adheres. In from eight to twelve days the larva 
hatches and can at once be identified by the long narrow neck. 
C. C. Ghosh states that in Croce filipe^inis there are only two 
larval instars. If this is correct, Nemopterids differ in this 
respect from all other Neuroptera. The larva; can run rapidly, 
but generally conceal themselves in the dust and await their 
prey. In cave-living species this consists mainly of ticks from 
sheep and goats, also Dermestid larva;, etc., feeding upon bat 
droppings, but in such forms as Croce, which live in houses, the 
food is normally Psocids, bed-bugs, Dermestid larva;, Lepisma, 
etc. Pupation takes place in a silken cocoon, spun in the 
usual way. After about three weeks the pupa forces its way 
out and the imago is disclosed. As has been stated before, the 
adult is crepuscular in habits, but it is attracted by light, and 
sometimes finds its way into houses at night. Winter is passed 
as a larva. 

Navas gives the genera of the Nemopteridev, and lists the 
species in Gen, his. 136, 1912. The same author has a mono- 
graph in ilem. Ac. Bare. 1910. The life-history of Croce was 
'given by Ghosh in Jourii. Bombay Nat. Hist. Soc. 1910, and by 
Imms, with greater detail, in Trans. Linn. Soc. Ijond. 1911. 

None of the Nemopieridee are found in the British Isles. 

Myrmeleonid^. 


Ant-lions. 

Antennae short and clubbed, wings net-veined. 

The distribution of these insects is mainly tropical, but a 
few species are found in temperate regions. They are of 
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moderate or large size, dark in body colour, with ample gauzy 
wings somewhat resembling dragonflies (Plate IV, Fig, 5). 
None are very active, however, and their flight is weak. When 
at rest the wings are sloped over the body. Some species, 
when handled, give out an odour which may be j)leasant or 
otherwise. 

The head is large and distinct with compound eyes. Antemue 
are fairly short and clubbed distally. Mouth-parts are of 
biting type with long palpi. Two pairs of ecpial wings are 
present, of complex Neuropterous form. The legs an^ short 
and hairy, only useful for clinging. At the extremity of tlu^ 
abdomen in the male are a pair of conspicuous claspers which 
render sex determination easy, since the female ])oss('sses no 
similar structures. 

The larva (Plate IV, Fig. fl) is short and stout with a flat 
head from which arise tlie long curved jaws, form(‘(l, as has 
been explained, by the mandibles and maxiihe conjointly. 
The mandibles are toothed. The legs are not very well fitted 
for walking and often the larva can only j)rogress backwards. 

There is a food reservoir from the (esophagus and the numIxT 
of Malpighian tubes is, as usual, eight. The anatomy of the 
larva has been the subject of much discussion and classical 
work, there being no functional anus. 8ix of the eight Mal- 
pighian tubes have their distal ends united and arc partly 
modified as silk glands. The anus serves as a spinneret. 

In most species the life cycle is completed yearly, but it 
may take two years in some cases, according to the amount 
of food obtained. Eggs, which are oval and whitish, arc laid 
in dry earth or sand, generally singly. The site chosen by 
pit-making species is always protected from rain, since the 
larva cannot work in wet sand. Favourite positions are at the 
base of a house wall or under a slightly overhanging rock. Ihe 
larva makes a funnel-shaped pit, at the bottom of which it lies 
concealed. Any insect venturing over the edge of this falls 
down to the jaws of the larva and is sucked dry. Some species 
do noA; construct a pit but lurk in loose earth or vegetation 
with open jaws. There are three larval instars. When full 
fed a spherical cocoon of silk is spun, to which adhere small 
particles of sand and rubbish. In this, the change to pupa 
takes place, and in two or three weeks the imago apjx*ars. The 
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pupa forces open its cocoon and partly emerges from it before 
disclosing the adult fly. Shortly after emergence a shiny pellet 
of urates is deposited, this being the unevacuated larval 
excrement. Hibernation is as a larva. 

Adults are preyed upon by birds, but in some cases no 
doubt escape by emitting a nauseous odour. 

A monograph of the Myrmeleonidm is at present in course 
of preparation for the Selysian Catalogue, by Petersen. There 
are useful notes on the European Myrmekonidm by the same 
author in Ent. Medd. 1918-1919. 

There are no British Myrmelconids. The family is of no 
economic importance. 


AsCALAPHlDyE. 


Butterfly hawks. 

Antennae long and clubbed. 

This family is mainly a tropical one, but has almost the same 
range as the last. The long, clubbed antennae, held straight 
out from the head, arc very characteristic of the Ascalaphidce, 
Otherwise these insects bear resemblance to stout-bodied 
dragonflies (Plate IV, Fig. 2), and, like them, hunt insects on 
the wing. There are two pairs of conspicuously net-veined 
wings, equal in size, which may be marked in white, yellow, 
and black. When at rest these are held close to the body. 

The head is furnished with large compound eyes which are 
in some eases divided. The antennae are long and slender, each 
- with a conspicuous terminal knob bearing sense organs. Mouth- 
parts are of carnivorous biting type with well-developed 
mandibles. The body is decidedly hairy with short clinging 
legs and two pairs of equal strong-veined wings. In the 
male there is a pair of claspers at the tip of the abdomen and 
this character serves to distinguish the sexes. 

The larva is very like that of the ant-lion, but it is ^ble to 
walk more easily as the legs are freely movable. The body 
is covered with branched spines. Structural details are 
similar to those of ant-lions, the head bearing similar sucking 
jaws and minute antennae. 
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The internal anatomy does not differ materially from that 
of other Neuropiera. 

The female insect lays eggs in rows on grass and plant steins. 
These are cylindrical or spheroidal, and coloured yellow er 
brown. The larva escapes by forcing a lid off the toj) of the 
egg, a split occurring along the line of a suture. At first the 
larvae remain on the empty eggshells, but later disjierse and 
live freely on tree trunks or on the ground, partly concealing 
themselves, when possible, and remaining motionless, often 
for days, with jaws wide open at right angles to the head. Any 
insect crossing this trap is immediately seized, th(‘ larva 
suffering itself to be dragged about rather than relinquish its 
hold ; finally all fluid nutriment is extracted from tlu' victim. 
After two moults the larva spins a cocoon of silk, which is 
covered with local debris and, within this, it ])upates. 'Fhe 
pupa, after some weeks, forces 02 )en the cocoon and the ])erf('ct 
fly emerges. Pupation takes i)lace in spring or (‘arly summer, 
the larva having hibernated. The entire life-history occu])ies 
one or two years. 

Van der Wcele has monograidied the Ascalajthidd' in ('oil, 
ZooL Sehjfi, 1908. 

There are no British species. The family is of no economic 
importance. 
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Caddis-flies 


Wings clothed with hairs. Hind -wings larger than fore- 
wings, and with a distinct anal area, folded longitudinally 
when at rest. Mandibles absent. 

The order is divided into two main groups and thirteen 
families. 

(1) Inmquipalpia, in which the male does not agree with the 
female in having a five-jointed maxillary palpus. This com- 
prises three families : Phryganmdm, Lmrwphilidw, Seri- 
co4(maii(i(v , 

(2) Aequipalpia, in wliich both sexes have a five-jointed 
maxillary palpus. This comprises ten families : Cahmio- 
ceraiida\ OdontocerideVy Leptocerida^ Molannida^ Uydropsy- 
chidin, Pmjchomyiidiv, Polycentropidci’y Philopotamida\ lihyaco- 
qMluhr, Hydroptilidm, 

Members of the TricliojHera are found in most parts of the 
world in the vicinity of water. They arc fragile insects, like 
hairy moths (Fig. 92), some of the smaller species being 



Fig. 02. — Phryganca varia, ( X 2.) 
C. L. W. del. 


'diflicult to distinguish from Tineid moths. The wings are 
sloped over the body wlien at rest. Flight is weak ; colours 
dull. 

The head is fairly large, with compound eyes and usually 
three ocelli. Antennae are long and filiform. The mouth-parts 
are reduced. Mandibles are absent. The maxillae and labium 
together form the ‘‘ haustellum ” of Lucas, the labrum roiofing 
the channel. The hypopharynx serves as a tongue. Both 
maxillary and labial palpi are present. The prothorax is very 
small. Legs are long, with elongated coxae, spiny tibiae and 
tarsi, the tarsus being five-jointed. Wings are large, the fore- 
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wings being narrower and often marked witli a pattt'rn. The 
venation consists mainly of longitudinal veins, cross-veins 
being few. Hind- wings are nearly always large with a plicate 
anal area. The abdomen is of nine segments. The male has 
claspers. 

The larva (Fig. 93) is soft-bodied with a well-chitinized head 
and thorax ; the hind parts of the thorax are, however, often 
less strongly chitinized. The mouth-parts arc of biting type 
with well-developed mandibles. Maxilla\ and labium with 
palpi, are also present, but vary in the extent to which tluy 



File 93.— Larva of l^mfijama raria. ( x 2.) 

(*. L. W. del. 

arc developed. The thorax has three pairs of well-developed 
walking legs, but one pair of these may be reduced. 'I'he 
abdomen is soft with filamentous tracheal gills. At its 
extremity are a pair of laterally placed chitinous hooks which 
enable the larva to retain a firm hold on the inside silk-lincd 
wall of its case. 

The pupa, as well as the larva, possesses mandibles, but 

these^disappear in the adult. . , „ n 

In the larva, the salivary glands function wholly or partly 

as silk glands. 

Eggs are laid embedded in masses of jelly. Ihe mass may 
take the form of a gelatinous rope. On hatching, the larva 
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at once sets to work to protect its soft body by constructing 
a case. To this end various materials are taken by the larva 
and by means of silk from the mouth are fastened together 
into a case. The larva may be sedentary, actively walking or 
swimming, herbivorous or carnivorous. Often the species 
may be recognized by the form of its case. 

In the Phryganceidm the case is made of pieces of leaves or 
stems placed side by side more or less spirally round the 
case. 

The Limnophiluhe (Fig. 94) may use sticks placed trans- 
versely on the case, and often have a partiality for the shells 
of small molluscs, so that the case may be composed wholly 
or partly of these. Others again make cases of sand ; one, 
Lmnopliilus villains, constructing a curved cylindrical tube 
of fine sand grains. One genus, Enoicyla, lives on land among 
moss. It may also be mentioned here that in this genus the 

female is wingless. In 
another genus of Limno* 
philids, namely Apalania, no 
male has as yet been found. 

The Sericoslornalida’- make 
cylindrical cases of small 
stones or sand. They live 

Fia. 94. — Larvu of TAmnophilus sp. in ‘I'lniost entirely ill running 
case. (X 2.) water. Helicopsyche makes 

a spiral case of sand of the 
same shape as a snail’s shell {Helix). 

In Leploceridm the case is of fine sand or leaf particles, 
curved, and cylindrical or tapering. A similar case is made 
. by the Odonloceridce. Many of the Leploceridm swim with 
their legs projecting out of the case. 

Mohnnu constructs a very characteristic tube of sand 
with lateral projections so that the whole is shield-shaped. 

The case of Hydropsychids is a very loose structure of 
stones or sand attached to stones, etc. Sometimes the larvae 
are gregarious and live several in one habitation. Many^.make 
silk nets to ensnare other insects, and are carnivorous. 

Polycentropus lives in rapid streams and is covered in 
debris. The larva is without gills, but in the pupa gills are 
present. 
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The Ehyacophilidcp live in very rapid streams and make 
loose cases of small stones, generally attached to some support. 
The pupa lies in a brown cocoon within the case and not, as 
in the other families, free in the case. 

The Hydroptilidiv are small species resembling Tineid moths, 
with fringed wings. The larvae have no respiratory lilaments 
and construct cases of silk slit open at both ends, upon which 
small foreign bodies are placed. The whole ease is compact 
and rather oval in shape. When about to pupate the ease is 
fixed by silk threads to a support. 

The pupa of all caddis-flies is a pupa libera. When about to 
emerge it cuts through the case with its pu})al mandibles and 
then swims, using its legs, to a plant stem up which it climbs. 
On gaining the surface the imago is disclosed. 

There is one brood per annum. Winter is passed as a larva 

Many specialized Hymenopterous parasites attac’k both 
eggs and larvae of caddis-flies. Carnivorous insects and fishes 
relish the larvae. 

The order has been monographed by Ulmer in (!eu. lus. 
Ease. 60 (1907). For references to larval habits MacLaehlan 
(1874-80), Ulmer (1908-1914), Dohler (1920) and Rousseau 
(1921) should be consulted. 

We have about two hundred British speei(‘s of Truhoplera . 
These have been described at various times by MacLaehlan 
and Morton. For a concise account of the Furo])eaii spe(U(‘s 
see Die Suss-wasser fauna DeuUchlands, 1909. 

Theobald (Rep. 1894 and Rep. 1905 6) has recorded the 
larva of Lwi 7 wphilu,^ flavicorni'^ F., as a pest in watercress beds 
in England. 



MECOPTERA. Scorpion-flies 

Head drawn downwards into a beak with extended clypeus 
and genae. 

The order will be treated in the present account as a whole. 
Five families are recognized : Bittacidw, Boreidce, Panorpidm, 
Notiothaumidm, and Meropidce. 

These insects are found in all parts of the world. They may 
be at once recognized by the beak, at the end of which are the 
mouth-parts. The legs arc long, adapted for clinging or 
running. Coloration brown, the wings being marked with 
black as a rule, but some tropical species tend to warning 
coloration. A malodorous liquid may be secreted from the 
tip of the abdomen, Bittacus (Plate II, Fig. 5) resembles a 
Tipulid fly, Boreus (Plate II, Fig. 3) is wingless. The male 
sex is furnished with distinct genitalia, and in Panorpidw the 
last three segments of the body form a scorpion-like tail. The 
female (Plate II, Fig. I) is provided with an ovipositor. 

The head is of very distinct shape, owing to the curious 
beak, but in some genera this is short and not conspicuous. 
Antenna? are long and slender, compound eyes and ocelli are 
present (no ocelli in Boreus). The clypeus, gense, and sub- 
mentum are elongated to form the beak. The mouth-parts 
at the end of this beak are mandibulate and toothed, but in 
Bittacus the mandibles are more adapted for piercing than for 
' biting. Maxillae are long and hairy with a five- jointed palpus. 
The labium and its palpi are reduced. The prothorax is short. 
Legs are long, with two tarsal claws, adapted for walking, 
clinging or hanging. There are two pairs of equal, membranous, 
many-veined wings which are commonly marked with dark 
blotches (Plate II, Fig. 1). Usually the venation is fairly 
open with a preponderance of longitudinal veins as in Padorpa, 
but in Chorista there are considerably more cross veins and the 
wings of Notiothauma are densely reticulate. In Boreus (Plate 
II, Fig. 3) the wings are reduced to mere rudiments. The 
abdomen is composed of ten segments. The female has an 
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ovipositor, the male, upturned swollen elaspers. There are 
two thoracic and eight abdominal spiraeles. 

The alimentary canal is simple. There is a distinct provc'ii- 
triculus or gizzard, lined with chit inous seta\ Six Mal])ighian 
tubes arc present ; salivary glands are small. 

The larvae (Plate II, Figs. 2, 3) resemble those of Lephhpkm, 
They have large heads with simple eyes and short antenna*. 
Mandibles, maxilla* with palpi, and labium with labial palpi are 
present. There are three pairs of small thoracic legs and tlu* 
first eight abdominal segments carry each a pair of simple* 
prolegs. The back is covered with spines. The larva of 
Boreus (Plate II, Fig. 4) ditfers from that of other Micoptna 
in having no abdominal prolegs, except pcrha])s in the* first 
instar, and in the absence e)f spines e)n the back. 

The life-history of PmiorjM is as folle)ws : Eggs, which are* 
relatively large, oval, and creamy white in ce)le)ur, are* laiel in 
clusters in the soil. They hatch in eight elays, as a gcne‘ral 
rule. The larva (Plate II, Fig. 2) is not ve^ry active*, but e*an 
move fairly rapidly in the U-shapeel burrow whicii it mak(*s 
just under the surface of the ground. Its feje)el consists e)f 
animal matter. In captivity larva^. may be e*asily re‘are‘el e)n 
meat or dead flies. After seven moults the* larva make‘s a 
cell in the earth and here pupates. Tlie imagine*s are* fe)imel 
in damp shady places and are carnivore)us, but pre)l)al)ly e)nly 
attack disabled insects. There are twe) hrexals in the year ; 
winter is passed as a larva. 

Bittacus (Plate II, Fig. 5) has a similar lifc-histeay, but the 
adult preys on living insects, which it catche*s in its le>ng le*gs. 

Boreus (Plate II. Fig. 3) appears in wint(*r. The* female 
lays her eggs in moss, and the larva* (IMate^ 11, Fig. 4) fee'd 
entirely on the bases of tlie moss plants. 'J'hcy are^ cre'amy 
white in colour and resemble weevil larva*, but fe)r tlie }>re*scnc(‘ 
of six thoracic legs. Spring and summ(‘r are passeel as a larva 
and in autumn pupation takes place. The imagines appear in 
early winter and also feed on moss, thus making an exception 
to th§ rest of the Mecojptera^ which are wholly carnivorous. 

Boreus has at least one Hymenopterous parasite, and 
birds feed on the larvae. Panorpa is probably to a certain 
extent protected by its formidable appearance and nauseous 
secretion. 
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The Mecoptera have been monographed by Petersen in Coll. 
Zool. Selys, Fasc. V, 1921. 

There are three British species of Panorpa, P. communis, 
P. germanica and P. cognata. Boreus hyemalis is also found 
in Britain: see MacLachlan (1868). 

No economic importance can be attached to this order. 



LEPIDOPTERA 

Two pairs of wings, large and nearly equal in size, with 
not more than fifteen nervures and four cross -nervures on 
each ; the body and wings densely clothed in scales ; antennae 
of varied form, but usually simple and prominent ; mandibles 
absent, except in Micropterygidae, the maxillae formed into 
a long tubular proboscis, which is coiled up when not in use 
and protected by the labial palps. Metamorphosis com- 
plete ; the larva with biting mouth -parts and from two to 
five pairs of sucker feet ; larva herbivorous as a rule, living 
openly on the food-plant ; pupa obtect, with or without a 
silken cocoon. 

Lepidoptera are easily recognizable in the larval, pupal and 
imaginal stages. Although the size and colour are very 
variable, the structure throughout the group is exceedingly 
uniform. 

The eggs are of three main types, those of the butterflies 
being usually upright and somewhat barrel-shaped (Fig. 105), 
those of the large moths rounded and slightly flattened (Fig. 
117), and those of the small moths flat and scale-like (Fig. 153). 
These distinctions are not, however, very reliable, as many of 
the butterflies have eggs which more closely approach the 
moth type. 

The larvae of Lepidoptera, usually termed caterpillars, are 
very uniform. The head is distinct and thickly chitinized. 
The eyes are very imperfect, consisting merely of up to six 
ocelli, situated on each side of the lower part of the head. 
The mandibles are the most important feature of the mouth- 
parts ; labium, labrum and maxillae are jiresent, but the last 
named are very small. The spinneret, by means of which 
the silk is exuded, is prominently placed on the labium. 
Antemae are present, but are very inconspicuous. Behind 
the head there is a small chitinized plate, and minute chitinized 
tubercles, each bearing a hair, are found on every segment 
throughout the length of the body. The body, not including 
the head, consists of thirteen segments, of which the first 
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three, the thoracic segments, bear the true legs. The rem ' 
ten segments constitute the abdomen, and in the normanaT^ 
a pair of sucker-feet is present on each segment from the thW 
to the sixth, and another pair, distinguished as anal claseer, 
on the last. ’ 

The true legs and the sucker-feet are quite different structures 
and must not be confused. The former are jointed, and give 
nse to the legs of the imago ; they are always six in number 
The sucker feet, however, are unjointed ; they are usually 
provided with hooks, vary in number and disappear during 



Sp 

Fig, 05. — Hoad of Caterpillar from below. 

A = antenna. K - simple eyes. Z ^ labnim. Md = mandible. Mx = maxilla. 
— maxillary palp. Zab = labium. Zap.P. = labial palp. Sp. = spinneret. 


metamorphosis. There are nine spiracles on each side of the 
larva : a pair on the first thoracic and a pair on each of the 
first eight abdominal segments. 

The internal structure of the larva is simple, the larger 
part of the body cavity being occupied by the enormous 
stomach. Three sets of glands open into the mouth : the two 
mandibular glands, which open one at the base of each 
mandible ; the silk glands, of which the ducts fuse and open 
to the exterior as the spinneret ; and the glands of Filippi, 
which open into the ducts of the silk glands. The nervous 
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system is simple, consisting of a frontal ganglion, supra- and 
infra-cesophageal ganglia, and a ventral chain of eleven ganglia. 
External sexual organs are not present in the larva, but 
rudimentary testes or ovaries are found. During its growth 
the larva usually undergoes five to six moults. It is often very 
difficult to distinguish the family to which a larva belongs, 
but the following characters are fairly definite : 

Larvae with the sucker feet absent are Liimcodidw, Larva' 
with the hooks on the sucker feet arranged in a circle, are 



Fig. 9G. — Diagram showing arrangement of hooks on sucker feet of 
Lepidoptera. 

1. Sphingid. 2. Tortricid. 

Tortricidee^ Pyralidm or Tineidce. Tortricid ce usually have the 
chitinized plate behind the head in the form of a bar. 

Case- bearing larvae are Tineidce or Psychidee ; these may be 
distinguished by their size and the arrangement of hooks on 
the sucker feet. 

Larvae with a retractile Y-shaped process on the thorax 
are PapilionidcE (Fig. 104). 

Many larvae of Nymphalidie have numerous rows of spiny 
processes on the body (Fig. 108). 

Slug-like caterpillars with short dense hair are Lyewnidw 

(Pig. 110). 

Smooth caterpillars with a distinct neck are Hesperiidm 
(Fig. 111). 

Smooth larvae with only a few short hairs are Piertdw (Fig. 
106) or Noctuidee (Fig. 114), if cryptically coloured, usually the 
latter. 

Unifcrmly hairy larvae are Arctiidee (Fig. 112) or Euptero- 
tidoe. 

Hairy larvae with upright “ shaving-brush ” tufts arc 
Lymantriidce (Fig. 118), with lateral tufts Lasiocampulo' 
(Pig. 131). 
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Large caterpillars with processes bearing hairs are Satvrniidce 
(Fig. 126). 

Large caterpillars with the anterior segments enlarged and 
an anal process are Sphingidce (Fig. 120). 

LarvaB with the sucker feet reduced to three or four pairs 
(Semi-loopers) are Noctuidce (Fig. 115). 

Larvae with the sucker feet reduced to two pairs (Loopers) 
are Geometridce (Figs. 124, 125). 

The pupa is usually brown, but in the case of some butterflies 
is of bright metallic colours. It is frequently enclosed in a 
cocoon, which is of silk, with or without the incorporation of 

surrounding material. The 
pupa is strongly chitinized, 
^ as resistance to unfavour- 

ite able weather conditions is 
of the first importance, the 
greater part of the year 
being frequently spent in 
this stage. With the excep- 
tion of some of the abdo- 
minal segments, the pupa is 
incapable of movement, all 
the appendages being firmly 
glued down to the body (Fig. 
121). At the end of the 
Fig. 97. Hi'ad of Butterfly. body there is usually a 

pnip. p - proiHwcis. curious proccss^ called the 

cremaster. This is often pro- 
^ vided with hooks which secure the pupa in the cocoon, or to a 
pad of silk placed on the foodplant. 

The imagines of Lepidoptera, like the larvae, are very 
uniform in structure. The most noticeable features of the 
head are the large compound eyes, the antennae, and the 
labial palps, which latter conceal the coiled-up proboscis. 
The antennae are very prominent, except in the Hepialidce^ 
and in some cases are of very complex structure. • They 
frequently differ in the sexes. The most important featmres 
of the mouth-parts are the maxillae, forming a tubular proboscis, 
and the labial palps, which protect the proboscis when it is 
not in use. The proboscis, especially in the Sphingidce, is 
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often very large, in some cases attaining a length of ten inches. 
The other mouth-parts are absent or very small, and arc 
unimportant. In the thorax, the mesothorax is the most 
important division, the pro- and meta-thoraces being much 
reduced. Each segment bears a pair of legs, and tlie meso- 
and meta-thorax a pair of wings. The legs consist normally 



Fio. 98. — Venation of Butterny iiame<l after HampHon. 
C «= co«tAl shoulder. 


of a coxa, a trochanter, a femur, and a five-jointed tarsus ; 
but in some families of the Bhopalocera the fore-legs are 
reduced. The wings are large, and in most cases both pairs 
are fiyictional in flight, the exception being some members of 
the family Papilionidce, in which the fore- wings only are used, 
the hind- wings being trailed. Three devices are found for 
locking the front and hind wings : — 

A. The front wing overlaps the expanded basal area of the 
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anterior edge of the hind-wing. This is found in all the 
butterflies and in a number of moths. 

B. Frenulum and retinaculum. The frenulum, which is a 
stiff bristle on the upper surface of the anterior margin of the 
hind-wing, engages in the retinaculum, which is a catch formed 




Fig. 99. — Venation of Moth named after Hampson. 

F - frenulum. 

of thick scales on the under-side of the fore- wing. This is found 
in the majority of moths. 

C. Jugum. This is a lobe extending from the fore- wyig and 
passing under the hind- wing, holding the latter between itself 
and the fore- wing. This is found in Hepialidce and Microp- 
terygidcB only. 

The venation of the wings is important, as on it the classifica- 
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lionottheHetero^eralargelydepend., tothetypfcdfore-^ 

there ate twelve veins: the internal netvnre with three 
branches (la, 16, and Ic), the median nervure with two branches 
(2 3), the radial with three branches (4, 5, and 6), the subcostal 
whh five branches (7, 8, 9, 10, and 11), and the costal nervure 
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Fig. 100.— Venation of Hepiulid named after Hamjison. 

J Jugum. 

(12). The hind-wing has typically eight nervures, four of the 
subcostals being absent. 

The internal anatomy of Lepidoptera is not very complex. 
The only peculiarity of the alimentary canal is a large pouch, 
which opens just behind the crop. This is called the sucking 
stomach,” but its function is doubtful. The nervous system 
is normal, consisting of a small frontal ganglion ; supra- and 
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infra-cesophageal ganglia, which are united and pierced by the 
(esophagus ; and a ventral chain, comprising three thoracic 
and four abdominal ganglia. The male sexual organs do not 
exhibit any great peculiarity : they consist of a pair of testes 
whose vasa deferentia unite to form a long ejaculatory duct 
The female organs, however, are more complicated. There is 
a pair of ovaries, whose ducts unite to form a single oviduct 
which opens at the apex of the abdomen ; and, in addition ^ 
a bursa copulatrix, which opens on the ventral plate of the 



rio. 101. Venation of Butterfly named after Comstock and Needham. 

eighth abdominal segment. Connecting the bursa copulatrix 
with the oviduct is a tube, on which is situated the spermotheca. 
A pair of accessory glands and also an unpaired gland open 
into the oviduct. In Micropteryx and some others thei;e is a 
single genital aperture, not a double one. 

The colours of Lepidoptera are very varied, and in the 
order we can find examples of every device adopted by insects 
to protect themselves from their enemies. 



lepidoptera 

Broadly speaking, the colours adopted may be placed in 
the three following classes 

1. Hiding colours. 

2. Warning colours. 

3. Frightening colours. 

The “Hiding” colours may be divided into two groups, 
of which the first is composed of those colours known as 
“ Cryptic,” i.e. colours which bear a general resemblance to 
their surroundings. These are adopted by most night-flying 
moths and by many larvae. They are usually dull colours 
and are broken up by irregular bands or blotches. The second 
group are those colours which give the insect a resemblance 
to some particular object ; they are often correlated with a 
peculiar shape or attitude. Examples of this are found in 
most Geomeirid larvae, which, while at rest, resemble dead 
twigs ; in the Buff-tip moth, which resembles a broken-off twig ; 
and in many small moths, which rest on leaves, etc., with out- 
spread wings, and exactly resemble the excrement of birds. 

In Warning colours we again find more than one type. True 
warning coloration is simple : the insect is distasteful, and 
displays bright contrasting colours, usually red or yellow and 
black, to advertise the fact. False warning colours arc similar 
colours adopted by an insect which does not taste unpleasant, 
but looks as if it does. Closely allied to tliis is mimicry, which 
is the imitation of one insect by another. Bates, who originally 
drew attention to the phenomenon, assumed that tlu^ mimic 
was always edible and the mimicked species inedible (Batesian 
mimicry). But it has since been discovered that many of the 
mimics are themselves distasteful, and a new theory, that 
distasteful insects tend to become of similar appearance 
(Mullerian mimicry), has been propounded. Examples of 
mimicry are found in many families, particularly in Nym- 
phalidcBj where females of many species mimic other species 
of the same or different families, and in the Syniomidee, many 
menybers of which closely imitate Hymenoptera. 

“ Frightening Colours ” is the term applied to those 
colours, often used in conjunction with other devices, which 
are supposed to scare away enemies of the insect. One 
example of this is the Peacock butterfly, which, when 
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approached, suddenly opens its wings and displays four 
glaring eyespots. Other examples are the larvae of Papilionidw, 
which extrude a brightly coloured process from the front 
portion of the body, and the Sphingid larvae, most of which 
possess eyespots, and which in r few cases emit a hissing 
sound when alarmed. 

Most of the theories regarding insect colours must be accepted 
with caution, as there are many objections which have yet to be 
removed. For instance, mimicry and false warning colours 
would in many cases seem to defeat their own end. If, as 
frequently happens, the mimics outnumber the mimicked, or the 
possessors of false warning colours are more numerous than the 
genuinely distasteful, then surely birds and other enemies would 
associate edibility, and not distastefulness, with those particular 
colours. Again, in the case of frightening colours, we are too apt 
to imagine that what would,if magnified, certainly frighten us, 
must necessarily be alarming to a bird. Until these and similar 
points are cleared iij), it must be admitted that the question 
of the colours of insects is very imperfectly understood. 

The principal natural enemies of Lepidoptera are birds ; 
insectivorous mammals, such as bats, squirrels, and monkeys ; 
internal parasites, of the orders Hymenoptera and Diptera ; 
and certain predaceous insects, particularly the fossorial wasps. 

Birds destroy large numbers of the imagines and an 
enormous number of larvae. It is an interesting fact that birds 
have great difficulty in picking larvae off the foliage of plants, 
as in most cases the leaves or twigs on which the larvae feed 
are not strong enough to allow the bird to settle. It is when 
the larvae leave the foliage and crawl down the stems to pupate 
that the greatest destruction takes place. Another point 
worthy of mention is that when, for any reason, caterpillars 
suddenly become very numerous, large numbers of birds that 
are not usually insectivorous will attack them, and will 
materially assist in reducing their numbers. 

Hymenopterous and Dipterous parasites are a very large 
factor in the natural control of Lepidoptera. The larv^ are 
most frequently attacked, the female parasite laying one or 
more eggs in the partially grown caterpillar. These eggs 
hatch to small larvae, which feed inside the caterpillar: at 
the pupation stage the caterpillar is practically eaten out, 
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and dies, the parasite pupating inside or outside the dead 
shell The eggs of Lepidopkra are also frequently attacked, 
four or more tiny parasites sometimes undergoing their develop- 
ment in one egg. Practically every family of Lepidopkra is 
attacked to a greater or less extent by these parasites. The 
principal families concerned are Ichneumonidce and Braconidce 
(Hymenoptera) and Tachinidm (Diptera), which parasitize 
caterpillars ; and ChalcidcB and Proctotrypidce {Hymenoptera), 
which are egg-parasites. 

The food of the adult insect consists almost entirely of nectar 
from the honey glands of flowers. Sap from a wounded tree 
is also very attractive to some Lepidoptera, especially Nyrnpha- 
lidcr and Noctuidce, and a few species are attracted i)y carrion ; 
Ophideres and some others puncture fruit, especially orange's. 

The larvae in the main arc herbivorous, mostly feeding on 
the foliage of plants. A few bore into stems ; others into fruit, 
where the seeds are usually consumed. Very few lejiidopterous 
larvae are carnivorous ; some, however, attack scale insects and 
aphides, and a few Lycamidn consume ant larvie and mealy-bugs. 
Some Tineids eat cloth, others of the same family cork, and 
one consumes the whitewash on house walls. Some Pyralidw 
feed on flour, biscuits, etc. 

Silk. Silk is the thread produced by many ins(*cts from tlu5 
salivary glands. It is formed in the glands as a viscous gummy 
fluid, but on exposure to the air rapidly dries to a strong 
thread. It is used by the insect for a variety of purposes, 
but in Lepidoptcra its principal use is the formation of the 
cocoon. Practically all the larva? of Lepidoptera produce silk 
in greater or less quantity, but the production of only a few 
species has any commercial value, the following being the most 
important ; — 

1. Bombycidee. Bombyx mori, the mulberry silkworm. 

Domesticated in India, China, Japan, and Europe. 

2. Saturniidee, 

(i) Attacus ricini, Eri Silk. Domesticated in India. 

The silk can only be spun. 

(ii) Anthercea paphia. Tussar Silk. Wild in India, 

China, and Japan. 

(iii) A. assama. Muga Silk. Semi-domesticated in 

Bengal and Assam. 
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(iv) Aniherma pernyi. Shantung Silk, occurring in 

China. 

(v) Anihmm yarm-rmi from Japan. 

3. Eupterotidcc. Species of the genus Anaphe from tropical 
Africa. 

Boynbyx mori, the mulberry silk worm, supplies the bulk of 
the world’s silk. It is probably indigenous to India or China, 
where it has been domesticated for centuries, but it is nowhere 
now found wild. It was introduced into Europe in the sixth 
century, and has been cultivated there ever since, principally 
in Southern I ranee and in Italy. There arc several races of 
B. tnoTij some univoltine, i.e. with only one brood during the 
year, such as the European race ; others, such as the Indian 
races, multivoltine or many-brooded. Mulberry is the exclusive 
food-plant : in Europe the White Mulberry, Monies olba, gives 
the best results. 

Bombyx mori is a pale grey moth, measuring about one and 
a half inches across the wings. It is very feeble, and does not 
take any food, the proboscis being absent. Coupling takes 
place immediately after emergence, and the moths live for a 
few days only. 

The eggs, which are pale yellow, are laid, in the case of the 
univoltine species, in August or September : about 400 eggs 
are laid by one female. The eggs are termed seed,” and are 
sold by weight ; one ounce of seed ” contains from 30,000 
to 55,000 eggs. 

As a rule the females deposit their eggs on cards, which are 
then put away for hibernation, great care being taken to 
njaintain a uniform temperature during the winter. In May, 
when the eggs are ready to hatch, they are placed in trays, 
and covered with mulberry leaves. The space allowed for 
one ounce of seed is as follows, the figures in this and subsequent 
tables being taken from Lefroy’s Report on Silk in India : — 


At hatching . 

•3 square metres. 

After 1st moult 

1 

2nd „ 

• 3 >> 

.. 3rd „ 

• ^ )> }> 

„ 4th „ 

. 22 

Before spinning 

• 60 
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The caterpillars are grey or grey and black in colour, and 
smooth, with a hornlike process on the dorsal plate of the last 
segment. The mulberry leaves are usually cut up before 
being supplied to the larvae There are four moults, and the 
larval stage in Europe occupies about a month. Altogether 
about 1,398 lb. of leaves are supplied to the larva from 1 


oz. of seed : this produces about 120 lb. of green cocoons 
(i.e. cocoons + living pupje). About OOO lb. of food is 

untouched, and 100 lb. 

of excrement is produced. The 

following table gives the 
stages : — • 

weights of 

silkworms at various 

36,000 eggs 


25 grammes seed. 

At hatching 

weigh 

IS grammes. 

After 1st moult 


255 

„ 2nd „ 

* ' > 

1,598 

„ 3r(l „ 

• 

0,800 

„ 4th „ 

, ,, 

27,070 

At greatest size 

• 

101,500 

At maturity . 

• i? 

131,920 

As cocoons 


70.250 

( -hrysalides alone . 

• )) 

00,300 

Moths (50 per cent, each 

sex) ,, 

39,085 


When the worms are full fed, loose twigs, on which the 
cocoons are spun, are ])laced above the trays. Tlu* cocoons 
are about the size of a pigeon’s egg : those of the males ar(‘ 
smaller than those of the females. About 500 cocoons weigh 
one kilogram. When the cocoons are finished, certain are 
selected for seed, and the remainder, after grading into qualities, 
are killed by placing in dry, hot air for about ten minutes, 
preparatory to reeling. In reeling, tlie cocoons are })lac(*d in 
hot water, in order to loosen the gummy threads ; after the 
removal of the outer layer, the threads from several cocoons 
are taken, mechanically twisted, and reeled off on a slow- 
moving bobbin. About 300 yards of thread is taken from 
eaclf cocoon. This raw silk is frequently woven without 
further preparation ; it is, however, often thickened by the 
further twisting of several threads together, and in many cases 
dyed, before weaving. The waste silk is now combed and 
spun in a similar manner to wool. 
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In addition to silk, the silk glands of Botnbyx supply what is 
known as silkworm gut. This is a very strong material, 
principally used for fishing tackle. When ready to spin, the 
worms are placed in vinegar, where they are allowed to remain 
for about fourteen hours. The silk glands are then extracted 
and drawn out to a length of from one to three feet, stretched 
on a board, and dried in the sun. In China, silkworm gut is 
made from the glands of another species, Satnrnia (Eriogyna) 
pyretorum, of the family Eaturniidw. 

Silkworms are liable to a number of diseases, of whieh the 
most important is Pebrine. This is caused by a protozoon, 
and is infectious and contagious, and can also be passed on 
from generation to generation through the female. At one 
time the disease almost wiped out silk cultivation in Europe, 
but now it is kept under by Pasteur’s method of segregation 
of the females. Each fertilized female lays its eggs in a separate 
cell ; the body of the moth is then pounded up in water, and 
microscopically examined for the disease : if it is present, 
the eggs are destroyed. 

Eri Silk : Attacus ricini. 

This species is cultivated in Eastern Bengal and in Assam, 
mainly for local use. It is wholly domesticated, but a very 
closely allied species, A. cynthia, is found wild in many districts : 
probably this is frequently crossed with A. ricini. The larv® 
will feed on a variety of plants, but the Castor-oil plant is the 
one most frequently used. Rearing is done indoors, in trays, 
in a similar manner to Bombyx mori. The silk is white or 
brown, and can be spun only, the moths usually being allowed 
to emerge. The cocoons are frequently sold with the pupa 
case inside, in which case they are often weighted with mud 
or stones. In other cases they are cleaned, by turning them 
inside-out by machinery. Eri silk is largely used in India, 
but very little is exported to Europe. 

Tussar Silk : Antheroea paphia. 

This is a wild species that feeds on various forest trees. 
There are several races, which are one, two, or three brooded. 
There are two sources of cocoons : wild cocoons, which are 
collected in areas where the moth is abundant ; and cocoons 
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obtained by placing larvae on selected trees. The larvae in 
the second case are hatched from seed which is usually tlio 
product of wild moths : seed from reared moths being poor 
in quality and uncertain in supply. The silk is coarse, very 
strong, and of a dark buff colour. It is reeled, the pupa' being 
stifled. Tussar silk is woven in India mainly for local use ; 
for export it cannot compete in price with tlu' ('hinese 
Shangtung. 

Muga Silk : Anther cm assama. 

This is a semi-domesticated species found in Assam, feeding 
principally on Laurels. The eggs are laid on special grass 
rods, which are then hung up indoors until tlie worms hatch. 
When this takes place, the rods are hung on a tree, and the 
worms crawl up and feed on the foliage. After strij)j)ing the 
tree, the caterpillars crawl down the stem and collect on 
triangular mats which are placed on the trunk in readiness : 
the mats are then taken to another tree and hung on it. Wh(‘n 
full grown the larvae crawl down the tree, ami are colh'cted 
and placed in branches of dry leaves, where tliey ])uj)at(\ 
Seed cocoons are carefully selected, and the remainder are 
stifled and reeled. All the silk is reeled locally, and the greater 
part is woven locally, but a small quantity is exported to otluT 
parts of India, where it is valued on account of its beautiful 
dull bronze colour. 

Shantung Silk or Chinese Tussar : Anther (va pemeyi. 

This species is very extensively reared in China. It is 
bivoltine, and is found both wild and semi-domesticated in 
many districts. It is usually reared indoors, though occasion- 
ally upon dwarf oaks in the open air. Oak is the exclusive 
food-plant used. Two crops of silk are obtained annually, 
one in the spring and one in the autumn : the latter is heavier, 
but poorer in quality. Shantung silk is pale buff in colour, 
and is very largely exported. 

Anihercea yarm-mai. 

This is the corresponding Japanese species to^^. perneyi, 
and like it feeds exclusively upon Oak, and is reared in a similar 
manner. It is, however, only single-brooded, and is now 
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being largely replaced by the Chinese species. A. yarna-mai 
yields silk of a beautiful pale-green colour, which was formerly 
strictly reserved for the Royal House of Japan. 

Species of Anaphe. 

Various species of this genus, which occur in tropical Africa, 
yield silk which is used commercially to a small extent. The 
larvae spin colonial cocoons which are covered with a common 
envelope. The silk, which is grey in colour, is of little value. 
The envelope only is used, and the threads not being continuous, 
spinning only is possible : efforts are being made to extend the 
production of these species. 

Very few Lepidoptera are beneficial to man ; these are : 

(a) Those that produce commercial silk. 

(b) Certain carnivorous larvae, which may to some extent 
check the ravages of scale-insects, etc. 

(c) To a very slight extent, the Morphince of S. America, 
whose wings are used for ornamenting jewellery. 

The harmful members of the group may be summarized as 
follows : — 

(a) Leaf-eating Caterpillars. The ordinary type of lepidop- 
terous larva, which lives openly on one particular food-plant. 
These pests occur in nearly every family of the order. 

(b) Surface. Caterpillars. Known as ‘‘Cutworms” in 
America, these are Noctuid larvae principally of the genera 
Agrotis and Euxoa. They live on or just under the surface 
of the soil, feeding at night on young shoots of plants, which 
they bite off at ground level. 

(c) Army Worms. Noctuid larvae which, because of food 
shortage, or for some other reason, become gregarious and 
migrate, consuming everything in their path. The best- 
known example is Leucariia unipuncta. 

(d) Borers. The principal pests in this class are those that 
attack sugar cane, being members of the families Noctuidce, 
Pyralidce, TortricidcBy and Castniidce. Other boring lar’^ae are 
Sesiidce on Currant, Gooseberry, etc., and Cossidce in large 
timber. 

(e) Bollworms. Larvae which bore into the boll of cotton and 
consume the seeds. They constitute a very serious pest, the 
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the flour moth. Ephestia kUniella, a member of the family 
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Fig, 102. — Antenna}, 

1. Plcrld Butterfly. 2. Hesperlld Butterfly. :3. Sphihgid Motli. 4. Zygsenid Moth. 


Pyralidce, which is found in flour mills and Army biscuits ; 
the clothes moths, Trichophaga tapetzella and others, of the 
family Tineidce; and Oinophila v-jlamim^ belonging to the 
same family, which attacks the corks of wine bottles, and has 
recently been reported as injuring the corks in breweries and 
factories. 

The classification adopted here is that of Hampson, with a 
few ^ight differences. The suborders Ehopahcera and Hetero- 
cera have been retained, and the families of the former arranged 
in the order adopted by South. In some cases, where the family 
name has been changed, the older and better-known name is 
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retained. The characters for the families given here are those 
in Sampson’s Catalogue. 

There is an enormous amount of literature relating to 
Lepidoptera, and nearly every country has its own textbooks 
and lists of species. 

The more important general catalogues are the following : — 
(1) Staudinger & Rebel. Catalogue of Palmar die Lepidoptera 
1901, (2) Dyar. Lisi of N. American Lepidoptera, 1902. 
(3) Lepidopterorum Catalogus, edited by H. Wagner (in course 
of production). (4) Sampson. Catalogue of Lepidoptera 
Phalmnce, 1898-1920 [covering Syntomidm, Arctiidm, Agaristidee, 
and Noctuidae], 

For the Lepidoptera of Great Britain, the butterflies and larger 
moths are dealt with by South (1906-1909) and the Micro- 
lepidoptera by Meyrick (1895). 


Sub-Order I. RHOPALOCERA. Butterflies. 


Antennae clubbed or thickened just before the tip ; frenulum 
absent ; usually day-flying. Pupa as a rule without a cocoon. 

There is usually no 
difficulty in recognizing 
butterflies, though definite 
distinctive characters are 
not easy to give. The 
main distinction is the 
absence of the frenulum, 
the fore- and hind-wings 
being locked by means of 
a shoulder on the an- 
terior edge of the hind- 
wing, as already described. 
This character, coupled 
with the form of the an- 
tennae, should be suffici- 
ent for the recognition of 
doubtful cases. A useful 
field character is the position in which the wings are held 
when at rest. In butterflies, with the exception of the Hes- 



Fio. 103. — Diagram showing the Resting 
Attitudes of Lepidoptera, The Hind- 
wings are shaded. 

1. Butterfly. 2. Geometrid Moth. 

3. Noctuid Moth. 
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periidw, they are lield vertically above the body, while in 
most moths they are folded flat across the body, the hind- wings 
being completely concealed. In the Skippers the wings are 
held partially oj)en at an angle from the body. 

The Ehopalocera have been more extensively studied than 
any other group of insects, and there is an abundance of 
literature. The more important geiural catalogues have 
been previously referred to ; any volumes of Genera Insertornm 
that exist are mentioned under the fainili(‘s that they describe. 

About 15,000 species of butterflies have been recorded, 
of which sixty-eight are British. 


Paviuonid.!^:. 


Swallowtails. 

All the legs fully developed ; claws simple without 
empodium ; precostal nervure absent in the hind-wings. 
Larvae with retractile thoracic process. 

Papilionids are all large butterflies, particularly the genus 
Orniihoptera, In most cases the colours are conspicuous, 
yellow and black being predominant. V^Ty frequently the 
hind-wings are pro- 
duced into a tail. In 
a number of cases the 
flight is peculiar, the 
fore-wings only being 
used, the hind-wings 
being trailed and tak- 
ing no part in the 
function. 

The eggs are laid 
singly on the food- 
plant. They are barrel-shaped and ribbed, with a micropyle 
at the top. The larvae of this family have a remarkable pro- 
cess qp the thorax, known as the osmeterium : it is Y-shaped 
and provided with a stink gland, and is extruded when the 
insect is alarmed. In most cases the pupa is fixed to the 
food-plant by the tail, and supported by a girdle of silk round 
the middle, but in the genus Thais the girdle is absent, and the 





Fkj. 104. — Larva of Papilionid {Papilio 
Machaon) (nat. siste). 

0 « osmeterium. 
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pupa is supported by a thread at the top of the head. Larvse 
of the genus Parnassius pupate on the ground, and form a 
slight silken cocoon. 

Distribution is mainly tropical, but a considerable number of 
species are found in temperate regions. About 700- species 
have been recorded, only one of which is British. 

In many cases sex recognition is difficult, but in others, 
particularly in the genus Ornithoptera, the females are much 
larger, and, as a rule, of duller coloration than the males. 

Hibernation, when it occurs, is as a pupa. 

Wherever Citrus is grown a species of Papilio attacks the 
young leaves, often causing serious damage. Papilio demoleus^ 
occurring in India and the East, is one of the best known. 

Two fascicules of Genera Insectorum deal with groups of 
this family, namely, No. 4 (1902) by Wytsmann and No. 6 
(1902) by Rippon. 

PlERID^. 


Whites and Sulphurs. 

All the legs fully developed. The claws of all the legs 
bifid or toothed, and an empodium is present. The precostal 
nervure is present in the hind -wings. 

The Pierids are medium-sized to large insects. They usually 
exhibit either white or yellow as the pre- 
dominant colour, but red and black colo- 
ration is common among tropical forms. 


Fia. 106.— Eggs of Pieris Fia. 106.— Piorid Larva (Pieris 

rapoe. (x 15.) brassicce). (x 2.) 

The eggs, which are of the barrel-shaped form usual in butter- 
flies, are laid singly or in batches on the foliage of the food-plant. 
In the case of the common Cabbage White, 60-100 eggs are 
laid in a batch. The larvse are usually bare or covered merely 
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with fine short hairs : the young caterpilhirs of some sjH'cies, 
however, have a number of forked setie, each of wliich hears 
a minute drop of fluid. At tins stage the larva is very inactive, 
and feeds very little. At the second moult 


these specialized seta3 disappear : there is, 
as a rule, some change in colour, and the 
larva becomes much more active and vora- 
cious. The pupa, which is often of fan- 
tastic shape, is always fixed to some solid 
object by the tail, and suspended by a 
silken girdle round the middle. 

The distribution of the family is world- 
wide : over 1 ,000 species have been de- 
scribed, of which ten are found in Britain. 

Hibernation when it occurs is as a pupa. 
Many temperate species pass the griMitcu’ 
part of the year in that stage, the ()rangc‘ 
Tip, for example, spending nine or ten 
months as a chrysalis. 

The sexes can be distinguished in some 



species by a considerable difference in 
colour, but no general rule for the family 
can be laid down. 

A number of species of Pkruhr feed on 
cultivated crucifers, but do not constitute 


Kkj. 107.™ Pupa of 
I’irrid 

braHMinv). l^itnTal 
vi<*w. 

(Aftrr Ilar«rniv»n -■ 
Hiinplldi'd.) 


serious pests. Pier is brassiar, which 


attacks cabbages in Britain, is a typical exam])le. 


Nymphalida;. 

The fore -legs in both sexes much reduced ; their tarsi in 
the male of one joint and in the female of five joints, without 
claws in either case. The pupa usually suspended by the 
tail and hanging down freely. 

The Nymphalidce are very variable both in size and colour. 
Som« of the most brilliantly eoloured as well as some of the 
dingiest of butterflies are found in this family. The members 
of the South American sub-family Brassolince resemble moths in 
their habits, inasmuch that they rest during the day, flying 
only in the late afternoon and evening. The British species 
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Fio. 108 .- 


-Larva of Nymphalid ( Vanessa 
to) (iiat. size). 


In some 


® ^ing after dusk 

%ht in some species IS very powerful (e.g. the well-known 

migrant P. cardm) ; m others, particularly in the Sal^ritiw, it 

is very feeble. 

Nymphalids constitute 
a large family with a 
world- wide distribution. 
Nearly 5,000 species have 
been described, of which 
thirty are British. 

The eggs are laid either 
singly or in batches, and 
are usually affixed to the 
food-plant, though in the case of some of the grass-feeding 
species they are merely dropped among the grass stems. 
The larvae differ largely in appearance, many being covered 
with long spines, while others are smooth. In some cases 
the exta’emity of the body is forked, and the larva) of 
the genus Ajpatura have processes on the head 
species the larvae are gregarious. The 
pupae of the Nymphalids are more 
elaborate than in other butterflies, 
being frequently adorned with ciu'ious 
processes. They are often of bright 
metallic colours. Normally they are 
suspended head-downwards by a series 
of hooks situate on the cremaster. In 
a few species of the sub-family 8aiy- 
rincey however, the pupa is enclosed in 
a slight silken cocoon or in a cell just 
under the surface of the ground ; and 
occasionally in the same sub-family 
it is merely placed upright among 
grass stems without any attachment. 

Hibernation in this family usually takes place as a larva ; 
a few species hibernate as adults, but hibernation in the fiupal 
stage is rare. 

The sexes can be distinguished by the structure of the fore- 
legs : the tarsi in the male consisting of one joint and in the 
female of five joints. 



109. — Pupa of 
Nymphalid {Argynnis 
paphm) (nat. size), 
c — cremaster 
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Nymphalidae are of very slight economic importance, a few 
species only being recorded as leaf-eating pests. Acraa 
terpsichorey which attacks sweet potato in Uganda, and Vavernsa 
c. album, which attacks mulberry in Europe, will servo as 
examples. 

The family is divided into the following sub-families, which 
are treated as separate families by some authorities 

1. Nymphalincc, This is a large sub-family with a world- 
wide distribution. The butterflies are as a rule brightly 
coloured on the upper side, but frequently dully or cryptically 
coloured underneath. The well-known dead-leaf butterflies 
belong to this group. One section of this group lias been 
described by Stichel in Genera Inseciorum, Fasc. 63 ( 1 907), under 
the title Dionince. 

2. Danahuv. These are large dully coloured butterflies, 
most common in the Eastern trojiics. 

3. ithomiinev. The members of this grouj) are of small 
size, and vary considerably in colouring. In some forms 
large hyaline patches occur on the wings. The sub-family 
is confined to tropical America. 

4. Palceotropince . This is a small grouj) of inoderate- 
sized black and white butterflies from the Austro-Malayan 
region. 

5. Morphinm. This is a small group confined to tropical 
America and the Eastern tropics. They are as a rule largo 
butterflies with brilliant metallic-blue coloration and strong 
powers of flight. Two sections of the group (l)iscoj)hoTin(r and 
Hyantince) have been described in Genera Inseciorum, hasc. 31 
and 39 (1905), by Stichel. 

6. Amathusimee . This sub-family has been separated from 
the Morphince. It consists of a small number of species from 
the Eastern tropics, and has been described by Stichel in 
Genera Inseotorum, Fasc. 36 (1906). 

7. Brassolinm. This is a small group of large brightly 
coloured insects from South America. They rest during the 
day, flying in the late afternoon and evening. The group is 
described by Stichel in Genera Inseciorum, Fasc. 20 (1904). 

8. Heliconiince, The members of this small South American 
sub-family are brightly coloured insects of rather small size. 
The wings are longer and narrower than is usual in Nymphalids. 
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The sub-family is described in Genera Insectorum^ Fasc. 37 
(1906), by Stichel. 

9. Acrminw. This is a small sub-family of dull-coloured 
butterflies of moderate size. Their distribution is mainly 
African. They are described by Jordan and Eltringham in 
Genera Insectorum, Ease. 169 (1916). 

10. Satyrinm. The members of this group are the common 
Browns and Heaths, which arc found all over the world. The 
butterflies are dull in colour and of moderate to small size. 
Their powers of flight are usually feeble. 

LYCMmDJE. 

Fore -legs slightly reduced, their tarsi in the male consist- 
ing of one elongated joint with a single claw. The claws 
not toothed. 

Lycmiids are small to moderate-sized insects. The most 
common coloration is blue for the upper side and mottled 
grey for the under-side, though other colours are frequently 
found. Not infrequently appendages or tails are present on 
the hind-wings. 



Fig. 110. — Larva of Lycapnid {Zephyrus heiuke), ( X 2.) 


Lycaonids are found all over the world. Upwards of 2,000 
species have been recorded, of which eighteen are British. 

The eggs are round and somewhat flattened, the diameter 
being greater than the height. They are laid singly and 
affixed to the food-plant. The larvae are slug-like, being short 
and thickened in the centre, with the legs and sucker <^eet 
hidden beneath the body. The majority are herbivorous, 
but a few species are wholly or partly carnivorous, feeding on 
scale-insects, aphides, or ant larvae. Those that consume ant 
larvae usually possess glands in the posterior portion of the 
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body which yield a fluid of which the ants arc fond. Some 
species (e.g. Lycama arion in England and L. aJcon in France), 
feed on foliage during the summer, and in winter enter ants’ 
nests and feed on the larvae and pupae. L. alcon exhibits the 
further peculiarity of only passing through three larval instars, 
instead of the normal six. The pupae of the Lycaenids are 
short and thickened, usually dark brown in colour. They are 
normally suspended by the cremaster and supported by a 
silken girdle, but occasionally the girdle is absent. 

Hibernation takes place usually as a larva, but in some cases 
the insects pass the winter in the egg or pupal stage. 

The sexes can be distinguished by the tarsi of the fore-legs, 
which consist in the male of a single joint. In many eases the 
male is more brightly coloured than the femakv. but there are 
exceptions. In the case of the British specie's, Zephyms 
betulwy where the female possesses the brighter colours, it is 
interesting to note that in coupling the male is carried by the 
female, this being a reversal of the usual procedure. 

The family has little importance economically, but one 
species, Virachola Isocrates ^ is a pest in India. The larva feeds 
on the fruit of guava and pomegranate. Catochrysops pamiava 
is a minor pest of Pigeon pea in India, while Lycima icarvs 
occasionally causes very slight damage to fodder crops in 
Europe. 


Erycinid;e (Lemoniuhr , Nemeohiida\ Riodinida). 

Fore -legs on the female perfect, though shortened ; in the 
male the tarsi of the fore -legs of one joint, without claws. 

The Erycinids are mostly small butterflies, and are very 
variable in coloration. Many of them are of similar appear- 
ance to the Lycaenids, and, as in that family, appendages are 
often present on the hind-wings. 

The family consists of about 1,000 species, mainly from 
tropftal South America : only about forty species occur in the 
Eastern hemisphere, of which one is British. 

The eggs, which are similar in shape to those of the 
LyccenidcBy are laid usually singly, but sometimes in batches, 
on the food-plant. The larvae vary very considerably, but 
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many of them resemble the Lycoenidce in being thickened in 
the centre. The larva? of some South American species are 
gregarious. The pupa is short, thickened, and usually brown, 
and is suspended head downwards. There is no girdle of silk 
round the middle. 

Hibernation, in the one British species, takes place as a 
pupa. The sexes can readily be distinguished by the character 
of the fore-legs, those of the female being perfect, while those 
of the male have the tarsi reduced to one joint, without claws. 

The Erycinidm are of no economic importance. 

The following fascicules of Genera Insectorum deal with this 
family : — 

No. 5, 1902 (sub-family Libytheina’), by Pagenstecher, and 
No. 112 (1910), by Stichcl. 


Hesperiid^. 

Skippers. 

The fore -legs perfect in both sexes, with a pad on the tibiae. 
The antennae gradually thickened to a club, the tips usually 
hooked. 

The Skippers are usually small, dully coloured butterflies, 
with a peculiar darting flight. In appearance they resemble 



Fig. 111. — Larva of Hosporiid {Thoryhes pyladcs), 
(Modified from Holland.) 


moths, the body being short and thick, pointed at the tip, and 
large in proportion to the wings. The antennae do not bear a 
proper club, being thickened towards the point, with the tip 
usually bent over to form a hook. When at rest, the \dng3 
are not held vertically above the body, but are retained half 
open at an angle to the body. 

The distribution of the family is world-wide. Nearly 3,000 
species are known, of which eight are British. 

The eggs, which are round and slightly flattened, are laid 
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singly on the food-plant. The larvae are usually bare, and are 
slightly thickened in the centre. The prothorax is constricted, 
which gives the caterpillar the appearance of having a neck. 
The larvae of this family make much greater use of silk than 
do other Rhopaheera, and frequently spin leaves together for 
concealment. The pupa is elongated, with a spine at the 
posterior end of the body, and is, in most cases, enclosed in a 
rudimentary cocoon composed of a folded leaf. 

Hibernation occurs in all stages : in Britain the Skippers 
hibernate as eggs or larvae. 

In some cases the sexes can be distinguished by the presence 
in the male of an oblique band of black scales on the fore-wing ; 
in many cases, however, sex recognition is difficult. 

Hesperiids are of slight economic importance. One species, 
Parnara (Chapra) ^nathias attacks rice in India, while others, 
of which Ilesj^eria conjuncia from Java will serve as an example, 
cause injury to the foliage of sugar cane. 

Sub-Order II. HETEROCERA, Moths 

Antennae of many diverse forms, but not clubbed ; 
frenulum usually present. Heterocera are not, as a rule, 
day-flying, and generally pupate in a cocoon. 

The characters of the Heterocera are not well defined, and 
the group is not a natural one. It was formerly divided into 
two series, macro- and micro-lepidoptera ; although this was 
convenient, it had no scientific justification, and this method 
of classification has been abandoned, though the term “ micro- 
lepidoptera ” is still frequently used as a comprehensive name 
for the smaller moths. It has been proposed to form a separate 
sub-order of the two families Hepialidce and MicropterygidcCt 
but these families agree only in the primitive character of the 
wings, and differ widely in many other important points. 

The moths are usually easily distinguished from Rhopaheera, 
theii* bodies are stouter, their antennae are not clubbed, and 
the wings are not held vertically above the body when at rest. 
The majority of moths fly in the dusk of the evening, and their 
coloration is, as a rule, less brilliant than that of the butterflies. 

There is an enormous amount of literature dealing with 
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Heterocera. The more important catalogues are referred to 
in the introduction to the order, and volumes of the Genera 
hisectormn, where they exist, are mentioned under the families 
that they describe. 

Syntomid;e (ArnatidcE), 

Proboscis well developed. Hind -wing with vein 8 
shortened or absent and vein Ic absent ; fore -wing with 
vein 5 nearer 4 than 6. 

Syntomids are usually small moths with bright coloration, 
frequently with transparent patches on the wings. In appear- 
ance they are very similar to the Zygaenids, and it is not always 
easy to distinguish the two families. 

The moths fly by day ; their powers of flight are feeble, and 
they are frequently seen resting without any attempt at conceal- 
ment, so their colours are probably warning. Many members 
of this family mimic Hymenoptera. In these mimetic species 
the wings are transparent and the chief colours are found on 
the body, which is unusual in Lepidopiera. 

About 1,200 species have been described, chiefly from the 
Eastern tropics. There are no British species. 

The eggs are round and upright, with the micropyle at the 
top. They are laid in clusters on the food-plant. The larv 80 
are rather elongated, dull coloured as a rule, and clothed in 
upright tufts of hair. The pupa is dark brown, and is enclosed 
in a cocoon of silk and hair, usually on the surface of the soil. 

The family has no economic importance. 

Arctiid^ (Liihosiidm ) . 

Hind -wing with vein 8 anastomosing with the cell to 
near or beyond the middle ; then remote from 7 ; vein Ic 
absent ; fore -wing with vein 5 nearer 4 than 6 ; frenulum 
present ; larva hairy. 

The Arctiids are usually small to moderate-sized moths, 
and are very variable in coloration. Most species are night- 
flyers, and many are attracted to light or sugar. 

The distribution of the family is universal. About 3,000 
species have been recorded, of which thirty-four are British. 
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The eggs are laid singly, or more frequently in batches, on 
the food-plant. They are rounded, with the micropyle at the 
top. The larvae are densely covered in hair, which is uniformly 
placed over the body and usually brown. Many species have 
no particular food-plant, but will eat any low -growing vegeta- 
tion that may be present. The pupa, which is dark brown, is 
enclosed in a rough cocoon of silk, hair, and leaves. 11 ibernation 
takes place as a larva or pupa, in this country usually as a 
larva. 

The sexes are generally similar in colour and appearance, 
but in many cases they can be distinguished )>y the anteniue, 
which in the males are pectinate. 



Fig. 112. — Larva of Arctiid {Arctia cam). 


The larvae of Arctiids are protected from birds, with the 
exception of cuckoos, by the hairiness of the body. In common 
with other lepidopterous larva*, however, they are very fre- 
quently attacked by hymenopterous and Tachinid parasites. 

Arctiidce are divided by Hampson into three sub -families 

i. Arctiince. Tiger moths, etc. These are the brightly 
coloured Arctiids, the commonest colour-scheme being red 
and black or white with black markings. The body is short 
and stout, and the proboscis frequently aborted. The larva?, 
as ^ rule, feed on low-growing plants. 

ii. Lithosiince. Footmen. These are small moths of dull 
colours. The wings are long and narrow, the body slender, 
and the proboscis well developed. The larva? feed to a large 
extent on lichens. 
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iii. Nolinm. Small inconspicuous moths, usually resting 
on the bark of trees during the day. The larvae, whieh feed 
principally on the foliage of trees, have the first pair of sucker 
feet absent. 

The Arctiids are not of very great economic importance, 
but occasionally some members of the Arctiince do considerable 
damage to low-growing crops, owing to their omnivorous 
habits and their rapid rate of increase. For an example we 
may mention Spibsorrm lubricipeda, the Buff Ermine, which 
frequently becomes a serious pest of beet foliage in Europe. 


Agaristid^e. 

Hind-wing with vein 8 anastomosing with cell at base, then 
remote ; vein Ic absent ; fore -wing with vein 5 nearer 4 
than 6 ; frenulum present ; antennae dilated towards the 
tip ; pupa without cocoon. 


Agaristids arc, as a rule, brightly coloured, day-flying moths 
of moderate size. One species of the genus Mgocera produces 
when flying a clicking sound, by means of a special structure 
on the fore-wing which rubs against spines on the front legs. 
The family is a small one, of about 250 species, none of which 
occur in Britain. It is widely distributed, with the exception 
of Europe. 

The larvao have few long hairs, and lateral tufts of short 
hair : they pupate on or just under the surface of the soil, 
without a cocoon. The family is of no economic importance. 
An account by Janet and Wytsman will be found in Genera 
Insectorum, Fasc. 16 (1903). 


Noctuid^. 

Owlet- moths. 

Hind -wing with vein 8 anastomosing with the cell at the 
base, then diverging ; vein Ic absent ; fore-wing with vein 5 
from nearer 4 than 6 ; frenulum present ; antennae^ not 
dilated, of moderate length » and usually simple. 

The majority of the Noctuids are of moderate size, but both 
very large and small moths are included in the family. The 
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colours are usually sombre, the fore-wings, which are narrow 
and stiff, being cryptically coloured, and the larger hind- wings 
are, as a rule, grey, generally of a lighter shade than the fore- 
wings. In many species, however, the hind-wings are brightly 
coloured. The antennie are of moderate length, usually simple, 
but in a few cases pectinate in the males. In most cases the 
proboscis is present and well developed. The body is stout 
and slightly tapering: it is thickly clothed in scales and 
frequently tufted. Noctuids are 
almost entirely night-flying, and 
most species are attracted by 
light and sugar. 

The Noctuids are a very large 
family with a world wide distri- 
bution. About 8,000 species have 
been recorded, of which over 300 
are British. 

The eggs are rounded, with a micropyle at the top : they are 
usually pale in colour and ribbed or sculptured. They arc 
deposited on the food-plant singly or in batches ; in the latt(‘r 
case the batches are sometimes covered witli hairs from the 
base of the abdomen of the female moth. The larvae are 
mainly smooth or covered with very fine hairs, and usually 
are cryptically coloured. Five pairs of sucker feet are present 




Fkj. 113. — llio Antlor Molh 
{(Jharopas (jraminU), 

A typical Noctuld moth. 


Fig. 114. — A Typical Noctuid Larva {Barathra hramcce). 
(After Hargreaves.) 


in most cases, but in a few species, the semi-loopers, the first 
two pairs are reduced or absent. The majority of the larvae 
feed On the foliage of plants, either living on the plant, or, in 
the case of the “surface caterpillars,’' living on the soil and 
biting off the young shoots of low-growing vegetation. Some 
species, however, bore into the stems of plants, a few (“ Boll- 
worms ”) feed in the capsules of Malvacm and other plants, 
and the larvae of one genus, Eublemma, feed on Coccids, 
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Pupation usually takes place underground, in a cell of hardened 
soil, but sometimes in a cocoon on the surface, or more rarely 
on the food-plant. Hibernation takes place usually as larvae 
or pupae : a few species hibernate as adults. 

The sexes can be distinguished in a few cases by the antennae, 
which in the male are pectinate. Sometimes the female is 
larger than the male, but in the majority of cases sex recog- 
nition is difficult. 

An enormous number of Noctuids have been reported as 
pests, many of them being of the first importance. The pests 
fall under several distinct groups : — 
i. Surface CaierpillarSj or Cutworms. Larvae of the sub- 
family Agrotium, which live on or just under the surface of the 
soil and bite off the young shoots of low-growing plants. These 
larvae are cryptically coloured and are all very similar in 



Fig. 115. — Larva of Noctuid Somi-loopor [Eublemim olivacea). 


appearance. Agroiis ypsihUy which destroys young cotton 
plants in India, and other crops in many parts of the world, 
will servo as an example. Another cosmopolitan pest of this 
class is Agrotis segetum. Surface caterpillars are controlled 
by the use of poison baits, or by spraying the young plants 
with a stomach poison. 

ii. Army Wor7ns. These are caterpillars of the sub-family 
HadermiWy which occasionally become exceedingly abundant, 
and migrate in swarms, destroying numerous crops. They 
are particularly destructive to corn crops, wheat, maize, etc. 
The best-known example is Leucania unipuncta, which is a 
cosmopolitan species, but many other members of this and 
other genera behave in a similar mamier. A British moth, 
whose larvffi sometimes appear in enormous numbers, is the 
Antler Moth, Charms graminis, of the same sub-family. This 
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moth feeds on grasses and sometimes causes great damage to 
pastureland. 

iii. Bollworms. This is tiro name applied to caterpillars 
which attack the bolls of the cotton plant. They bore into 
the receptacle and consume the seeds, annually causing immense 
damage to the cotton crop. Of the five most serious boll- 
worms, four belong to the Nocinidcv, They are : 

(а) Earias fabia^ which occurs in India. 

(б) Earias insnlanay from India, Egypt, and E. Africa. 

(c) Heliothis armigera (r^ Chhridea olhsoleia), which is a 
cosmopolitan insect, but attacks cotton only in the United 
States. 

(d) Diparopsis mstanea, which is found in the Sudan and in 
W. Africa. 

The first two are both known as the Sj)otted Bollworm ; 
they belong to the sub-family EraS‘ 
tiinw. In India they arc both con- 
trolled by a Braconid parasite, Ehogas 
lefroiji ; in Egypt a similar parasite, 

R. kitcheneri, is found, but is not so 
effective. A third member of the 
genus, E,chroniataria,docH not attack 
cotton, but in India is a pest of jute 
and cultivated hibiscus. 

Heliothis (Chhridea) armigera, in 
the United States, is not primarily a 
pest of cotton, but of maize. It is 
only by the third brood of the insect 
that cotton is seriously attacked, the maize heads then being 
too hard for the larva to penetrate. In India this moth, 
which is a member of the sub-family Agrolhur, feeds in the 
capsules of opium. 

Diparopsis casianea, the Sudan Bollworm, is a member of 
the sub-family Acronyctince. It causes serious damage in the 
Sudan and in W. Africa, but is not so important as Earias and 
Heliothis. 

\v. Borers. These are principally members of the genus 
Nonagria (= Sesamia), of the sub-family Acronycimw. The eggs 
are laid on the leaves of the food-plant, and the larvai bore in 
the stems. Their chief damage is done to cane, but maize. 


BMe»r<;fNce 



Fio. 110. — Cocoon of KarltiM 

fabia. (x 2.) 
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wheat, and other corn crops are also attacked. Nonagria 
uniformis is the best-known example. 

V. Leaf -eaters, A very large ^lumber of Noctuids fall under 
this class of pest. The semi-loopers, Cosmophila, and other 
genera of the sub-family Noctuince, are serious pests of cotton 
and jute, as well as other crops. Prodenia litioralis, a cos- 
mopolitan insect of the sub-family Acronyctince, will attack 
many crops, including tobacco, flax, and cotton. Many members 
of the genus Plusia, sub-family Plusiince^ are pests, particularly 
on flax. Caradrina is another genus whose members cause 
immense damage. In Britain the two most serious pests are 
Hadena oleracea, which attacks tomatoes under glass, and 
Mamestra brassicce, which attacks cabbages and other crucifers. 
Both these insects belong to the sub-family Hadenince. 


Pterothysanid^. 

Hind -wing with vein 8 approximated to 7 at the middle of 
the cell ; vein Ic absent ; fore-wing with vein 5 nearer 4 
than 6 ; frenulum absent. 

These are large day-flying moths, with slender bodies and 
simple antenna3. The colouring is black and white, and the 
hind-wings are fringed with long hairs. PUroihyi^anidw consist 
of a single genus from Eastern India. There are very few 
species, and the life-history is unknown. They are of no 
economic importance. 

LYMANTRiiDiE (Liparid(v). 

Tussock moths. 

Hind-wing with vein 8 connected to cell by a bar ; vein Ic 
absent ; fore -wing with vein 5 nearer 6 than 4 ; frenulum 
present ; proboscis aborted ; larvse hairy, with upright 
tufts. 

Lymantriids are small to medium-sized moths, the coloration 
usually dull. They are usually stoutly built moths with 
antennae of moderate length, and always pectinate in the male. 
In no case is the proboscis functional. The female usually has 
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an anal tuft of hairs ; in a few cases the wings of the female 
are aborted. The majority of Lymantriids are nocturnal. 

The family is a widely distnbuted one of about 800 species ; 
of these ten are British. 

The eggs, which are round and slightly flattened, are laid in 



Fio. 117. — Eggs of Vapoiirer Moth {Orgt/ia anti(pHi), (x 10.) 

batches on the food-plant ; often they are covered with fur 
from the anal tuft of the female. A very large number are 
laid by one female. The larva} are hairy, with thick upright 
tufts along the body. The hair from these tufts is often barbed 
and poisonous, setting up a considerable irritation if it enters 



Fio, 118.- — A typical LyinantriiU I^rva of Duftyrhira pudilrtinda 
(al)out iiat. size). 

the skin. In a few cases the larvae are colonial, forming a 
common web or tent over part of the food-plant. Pupation 
takes^ place in a loose cocoon of silk and hair, usually on the 
surface of the soil or on the food-plant. The pupa is hairy, 
which is very unusual : the hairs, like those of the larvae, are 
often irritant. Hibernation takes place in the egg, larval, or 
pupal stages ; in this country principally as a larva. 
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The sexes can be distinguished by the 
antennae, which are pectinate in the male ; 
in many cases the females possess an anal 
tuft of hair, and occasionally their wings 
are aborted. 

Lymantriids are not an important 
family economically, though a few species 
are serious pests. The most important are 
probably the Browntail (Enproctis chrysor- 
rhoea) and the Gipsy (Lyrmntria dispar), 
which are serious pests of fruit trees in 
Europe and in America, particularly in the 
latter country, where both have been acci- 
dentally introduced. Another important 
insect is the Black Arches (Lymaniria 
monacha) which occasionally causes serious 
damage to forest trees in Europe, particu- 
(nat. size). larly 111 Germany. All these three species 

occur in England, but they are all compara- 
tively rare, and none can be regarded as a pest. 

Hypsid.® (Aganaidce), 

Hind -wing with vein 8 connected to the cell by a bar ; vein 
Ic absent ; fore-wing with vein 5 nearer 4 than 6 ; frenulum 
present ; proboscis well developed. 

Hypsids are usually brightly coloured moths of moderate 
•size ; they are day-flying and have the proboscis well developed. 

The family is a small one, and its distribution is confined to 
the tropical and sub- tropical regions of the East. 

The eggs are laid singly or in batches on the food-plant. The 
larvae are brightly coloured with few hairs ; they feed by day 
and make no attempt at concealment. Pupation takes place 
on the surface of the soil, in a flimsy cocoon. Hibernation 
usually occurs in the pupal stage. o 

The sexes can sometimes be distinguished by the form of the 
antennae ; in most cases, also, the coloration of the female is 
brighter than that of the male. 

Few of this family are pests. Three members of the genus 
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Argina attack Sann Hemp in India, feeding on the leaves and 
pods : of these A . crihraria is sometimes a serious pest. A few 
species of Hypsa occasionally become sufficiently abundant in 
India to defoliate large shade trees. 


SPHINGIDiE. 


Hawk-moths. 

Hind -wing with vein 8 connected to cell by a bar at the base, 
then approximated to 7 ; vein Ic absent ; fore -wings long 
and narrow, with vein 5 from the middle of the cell or nearer 
6 than 4 ; frenulum present ; proboscis well developed ; 
antennae short and thick. Larva smooth, with an anal horn, 
pupating in soil without cocoon. 


Hphingids are moderate-sized to large moths, of very charac- 
teristic appearance. The fore-wings are long and narrow, 
usually cryptically coloured : the hind-wings are small, often 



Fio. 120. — Larva of Spliingid clpenor) {nVighily Iohh than 

nat, size). 

of much brighter coloration. In a few species the wings are 
practically transparent, very few scales being present. The 
body is very stout and usually pointed at the tip, though in a 
few cases it is furnished with an anal tuft of long dense hairs. 
The antennae are short and stout, and frequently hooked at 
the tip. The proboscis is well developed, and frequently of 
great length, in some cases measuring nearly ten inches. 
Spl^gids have a very rapid and powerful flight ; most of them 
fly at dusk, but a few species, the Humming Bird moths, by 
day. They do not settle when taking nectar, but hover over 
the flower. In a few cases the moths can produce a shrill 
squeaking sound, possibly by forcing air through the proboscis. 
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Both larvae and pupae of certain species are also credited with 
the power of producing sounds. 

The family is a large one, with a world-wide distribution. 
There are seventeen British species. The classification and 
nomenclature have recently (1907) been revised by Jordan and 
Rothschild. There is also an account of the family by the 
same authors in Genera Insectornm, Ease. 57 (1907). 

The eggs, which arc rounded, with a micropylc at the top, 
are laid singly on the food-plant. The larvae arc very large, 
and are usually cryptically coloured, with a hornlike process on 
the eighth abdominal segment. Frequently 
large ‘'eyespots ’'are present on the sides of 
the thorax, presumably in order to frighten 
enemies. The caterpillar of Fmidosj)}mix 
teirio of South America is brightly coloured 
in red, black, and yellow : it feeds on the 
foliage of a tree, and is a very conspicuous 
case of warning coloration. Just before 
pupation, some larva} become brown in 
colour, as otherwise they would be con- 
spicuous objects when they crawled to the 
ground to pupate. In most cases pupation 
takes place in the soil, in a cell of earth, but 
occasionally a rough cocoon of silk and 
rubbish is constructed on the surface of 
the ground. The pupa is dark brown ; in 
Fig. 121.— Pupa of cases there is an external sheath for 

a Sphingid Moth. . . n . i 

(X i.) the proboscis. Hibernation usually takes 

place as a pupa in the soil, but in this 
country one species, Macroglosm steUaiorvm, has been re- 
ported to spend the winter as an imago. The sexes can 
usually be separated by the antennse, which, in the male, 
have a ciliated chitinized ridge on the under-side ; this character, 
however, is not always easy to distinguish. 

Sphingids are rarely abundant, but there are species which 
are destructive to tobacco in the United States— Pro/ojpar(!c 5- 
rmculatus being the chief offender — and to sweet potato, 
which is attacked by the cosmopolitan Herse convolvuli. 
Coffee in Malaya was destroyed by the larvse of a Humming 
Bird Hawk-moth. 
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Cymatophorid/i: (Thyatiruhv, Polyphcida). 

Hind -wing with vein 8 not connected to cell, but approxi- 
mated to 7 ; vein Ic absent ; fore -wing with vein 5 nearer 
6 than 4 ; frenulum present. 

These are small moths, whicli in appearance and habits 
resemble the Noctuids. The proboscis is well developed, and 
the antennse arc of moderate length. The body is short and 
rather stout. 

Cymatophorids are a small family, but are widely distri- 
buted, particularly in temperate regions. There arc nine 
British species. 

The eggs are oval and ribbed and are laid singly or in batches 
on the food-plant, usually on the edges of the leaves. The 
larvae arc smooth, usually cryptically coloured, and feed at 
night, resting during the day in a shelter formed of leaves spun 
together. The pupa is brown or black, and is enclosed in a 
loose cocoon usually placed on the surface of the soil among 
dead leaves. Hibernation takes place as a pupa in the cocoon. 
Cymatophorids are of no economic importance. 


Eupterotid^. 

The hind -wing with vein 8 remote from 7 ; vein Ic absent ; 
fore -wing with vein 5 nearer 6 than 4 ; frenulum present ; 
proboscis aborted. Larva uniformly hairy, pupating in a 
cocoon of silk and hair. 

Eupterotids are large moths, usually of dull coloration. 
The antennae are of moderate length, and are pectinate in both 
sexes, but the pectination is much more pronounced in the 
male. The proboscis is aborted, but the palpi are present 
and are hairy. 

The family has a world- wide distribution, occurring princi- 
pally in tropical and sub-tropical regions. There are no 
British species. 

The eggs are round, and are deposited usually in batches 
on the food-plant. The larvae resemble those of Arctiids, 
being covered with a uniform clothing of dense long hairs. In 



360 


MANUAL OF ENTOMOLOGY 


many species the hairs are barbed or poisonous, and cause 
great irritation if they enter the skin. The larvae of the 
majority of species are gregarious, feeding on forest trees. 
The caterpillars of the European Processionary moth, Cneiho- 
campa processionea^ which feed on oak, have the curious habit 
of moving from one tree to another in orderly wedge-shaped 
columns. In the African genus Anaphe, the larvae construct a 
large web-like shelter, beneath which they rest and in which 
they later pupate. These structures are said to attain some- 
times a length of several feet. The larvae of the South American 
genus Palustra are aquatic, swimming by alternately coiling 
and straightening the body. The mode of respiration is not 
known, but air is probably carried amongst the hairs of the 
body. A few species pupate under water. The pupa is 
enclosed in a cocoon of hair and silk, which is usually attached 
to the food-plant. Hibernation takes place as a pupa in the 
cocoon. 

In many cases the sexes can be distinguished by the antennae, 
which are more strongly pectinated in the male than in the 
female. 

Eupterotids are of very slight economic importance. None 
are pests, though the larvae of certain species may cause a 
small amount of damage by the defoliation of forest trees. 
The envelope in which the larvae of the genus Anaphe spin 
their cocoons is used to a small extent for silk ; but the silk is 
coarse, and of little value. 


Notodontid^. 


Prominents. 

Hind -wing with vein 8 connected to 7 near the middle of 
the cell ; vein 5 obsolescent ; vein Ic absent ; fore -wing with 
vein 5 nearer 6 than 4 ; frenulum present ; proboscis present. 

Notodontids are moderate-sized to large moths, genef'ally 
dull in appearance, brown and grey being the commonest 
colours. In appearance the majority resemble Noctuids, and 
like the members of that family they are nocturnal. In many 
cases there is a tooth-shaped tuft of scales about the middle 
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of the inner margin of the fore-wings : when the moths are at 
rest these tufts are brought together and project above the 
general profile of the wings. The antenna^ are of moderate 
length and are frequently bipectinate in the males. The body 
is fairly stout, long, and usually tapering : there is frequently 
a tuft of long hairs at the apex of the abdomen. The proboscis 
is present, and the moths will come to sugar patches : a bright 
light, however, has an even greater attraction for them. 

Notodontids are a large family with a wide distribution, 
particularly in temperate countries. There are twenty-five 
British species. 

The eggs are laid singly, or more frequently in pairs or 
batches on the food-plant. They are rounded, and usually 
whitish, with the micropyle at the top. The larva% which 
feed principally on the foliage of trees, differ very largely in 



Fig. 122. — Larva of Puss Moth {Dicranura vimila) (about uat sizo). 

appearance : some arc quite normal, with few hairs and five 
pairs of sucker feet ; others have curious processes on various 
parts of the body ; and in a few the body has undergone more 
complete modification. The two chief types of the last class 
are Cerura vinula^ the Puss Moth, and Stauropns fagiy the 
Lobster, both of which occur in this country. In the former, 
and in the larvae of allied species, the body is stoutest in front, 
tapering almost to a point at the apex, which is held in the 
air. The anal claspers are modified to form a pair of tubes, 
in which are concealed long flexible flagellse, which are capable of 
being everted with great rapidity. The larvae of Stauropns and 
its allies are even more curious than that of Cerura. The first 
five segments of the body are held erect, when the larva is 
resting, with the second and third pairs of legs, which are 
extremely long, outstretched. The apex of the abdomen, 
which is also held erect, is bulbous, and the anal claspers are 
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represented by two long, slender processes. The curious form 
of these larvae, as well as the unusual attitudes they adopt, 
are supposed to protect the insects from the attacks of Ich- 
neumons and other enemies, but evidence is wanting that these 
larvae are less parasitized than others of more conventional 
form. 

The pupa is brown or black, and a tightly woven cocoon of 
silk, together with leaves or other material, is formed. It is 
placed on the food-plant, in crevices in bark, or on or under 
the surface of the soil. In this family two devices are found 
to aid the imago in escaping from the cocoon. In some species 
a caustic fluid, which softens the silk, is emitted, while in others 
the pupa is provided with sharp processes, with which an exit 
hole is cut out. Hibernation usually takes place as a pupa in 
the cocoon. 

The sexes can be distinguished as a rule by the antennse, 
which in most cases are bipectinate in the male. 

Notodontids are of slight economic importance, one species, 
Siauropus alternus, being a very minor pest on tea in Ceylon, 


Geometrid^. 

Hind -wing with vein 8 usually connected with 7 at the 
base ; if not, vein 5 fully developed ; vein Ic absent ; fore- 
wing with vein 5 nearer 6 than 4 ; frenulum present. Larvae 
with sucker feet reduced to the last two pairs. 

Geometrids vary considerably in size, but the majority are 
rather small. The wings are fragile, and are cryptically 
coloured as a rule in various shades of grey, with patterns 
composed of wavy lines, which in most cases extend across 
both pairs of wings. They are mostly night-flying, and rest 
during the day with their wings open and pressed down on 
the surface on which they are settled. Many of the smaller 
ones are whitish with irregular blotches of black, and in this 
position bear a close resemblance to bird’s excremenij. A 
large number of species are attracted to light and sugar. The 
body is slender, with antennse of moderate length, often 
pectinate in the males. The proboscis is usually well developed^ 
In a few species the females are wingless. 
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The Geometrids constitute a very largo family, with a 
world-wide distribution. There are about 270 Britisli species. 

The eggs are laid singly or in 
batches on the food-plant. They are 
round or oval, slightly flattened, and 
usually ribbed. The larvae, which are 
generally brown or dark green in 
colour, are slender and elongate, with 
the sucker feet reduced to the last two 
pairs. The mode of jirogression of 
the larva is peculiar, consisting of 
an alternate advancing of the front 
and hind portions of the body, the body being first extended 
to its full length and then raised in 
the form of a looj). This habit has 
given rise to the Latin name of the 
family, and to the English name of 
“ Loopers ” for the caterpillars. In 
America the larva> are known as 
‘‘ Span-worms.’’ Pupation usually 
takes ])lace in a slight cocoon either on 
the food-plant, or on, or just under- 
neath, the surface of the ground. 
Hibernation usually takes place either 
as a larva or a pupa : occasionally as 
an imago. 

The sexes can in many cases be dis- 
tinguished by the antenna?, which arc 
pectinate in the male only. In a few 
species the females are wingless, 
Geometrids are not a very import- 
ant group economically, but the 
family contains some serious pests. 
Boarmia bhurmitra is sometimes 
abundant on tea in Ceylon, occasion- 
ally causing the loss of an entire crop. 
In this country Cheimatobia brumata, 
the Winter Moth, and allied species, 
cause a great deal of damage to fruit trees. The eggs are 
laid in winter on the twigs of fruit trees, and the larvaB feed 



Fig. i24. — Geometrid 
Larva {Ourapterix mm- 
brucaria). 



Fig. 123.— a typiciU 
Gooinotrid Moth, tlio 
CIoikIcmI Border (Loww- 
npilis nuirginata) (rather 
more than nat. size). 
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on the young foliage in April and May. The usual remedy 
adopted is the placing of ‘‘grease-bands” round the tree 
trunks, to prevent the wingless females from ascending, but 
this is not very effective, and spraying is usually necessary. 
This pest is found throughout Europe and also in North 



America. The chief American pests, however, are the Canker 
Worms, Alsophila pometaria, and Pakacriia vernata, and the 
Apple Span Worm, Ennomos snbsigmria. 

Certain sections of the family have been described by Prout 
in Genera Insectornm, Fasc. 103, 104, and 129, 1910-1912. 


SATURNIIDiE. 


Wild Silk Moths. 

Hind -wing with vein 8 diverging from the cell at the base ; 
vein Ic absent ; fore -wing with vein 7 connected to 8 and 9 ; 
vein 5 nearer 6 than 4 ; frenulum absent ; proboscis absent. 
Larva usually brightly coloured with hair-bearing processes, 
pupating in a silken cocoon. 

These are all large moths, usually brightly coloured, with 
eyespots or clear patches in the wings. The body is short 
and stout, and the wings are very large : the hind- wings g-re in a 
few produced into tails. The antennae are short and strongly 
bipectinate in the male. There is no proboscis, and the life 
of the perfect insect is very short. Saturniids are usually 
nocturnal, but the males of some species may be seen flying 
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Fio. 120— Larva of Satiirniid (Tuasar Silk Motli— 
Anthmva paphia) (slightly loss than nat. sizo). 


with rapid darting movements in 
attraction is very marked in this 
family, a female exposed in the open 
attracting many males, even from a 
considerable distance. This phenome- 
non, which is found in several families, 
is known as “ assembling.” 

Saturniidse are a fairly large family, 
with a world-wide distribution. There 
is one British species. 

The eggs are rounded and smooth, 
and are laid singly, or more usually 
in batches on the food-plant. The 
larvae are stoutly built and frequently 
brightly coloured, with a series of pro- 
cesses, each bearing a tuft of hairs, 
arranged along the body. The food 
consists in the main of the foliage of 
forest^ trees. The pupa is dark brown, 
and is enclosed in a tightly woven 
cocoon of silk, from which the moth 
emerges either by emitting some 
caustic fluid, which softens the silk, 


l)right sunlight. Sex 



Fio. 1 27. — Stalked Cocoon 
of Tussar Silkworm. 
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or else through 



Fio. 128. — Pupa of 
AtUicus ricini 
(nal. sizo). 


a cleverly constructed exit hole, which, while 
allowing the moth free egress, does not 
permit of the intrusion of enemies from 
outside. 

The sexes can easily be distinguished 
by the antennx% which, as already men- 
tioned, are strongly bipcctinate in the 
male. There is frequently also a con- 
siderable difference in size, the females 
being decidedly larger than the males. 
Hibernation usually takes place as a pupa 
in the cocoon. The economically import- 
ant species are summarized on page 331. 


BOMBYClDyE. 

Hind -wing with vein 8 remote from 7 and connected or 
approximated to the cell ; vein Ic absent ; fore -wing with 
vein 5 nearer 6 than 4 ; frenulum absent ; proboscis absent. 
Larva smooth, with an anal horn or with dorsal processes. 

These are small moths, usually of dull coloration, with the 
wings and body very densely coven'd in scales. The antennae 
are bipcctinate in both 
sexes, and the legs short 
and hairy. Tliere is no 
proboscis, and the life of 
the imago is very short. 

The Bombycids are a 
small family of less than 
100 species ; they are, 
however, widely dis- 
tributed in the tropical 
and sub-tropical regions 
of the world. There 
are no British species. 

The eggs are white and rounded, and are laid in batches on 
the food-plant. The larvae are smooth and elongate, and 
frequently there is a slender horn on the last abdominal seg- 
ment. In other cases there is a series of dorsal processes, 
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throughout the length of the body. The pupa is enclosed in 
a silken cocoon. Tliere is no obvious character by which the 
sexes can be separated, but in many cases the female is 
considerably larger than tlie male. Hibernation in the 
domesticated species {Homhtjx mori) occurs in the egg stage. 

The family contains one very important species 
rtioriy the mulberry silk moth, which produces the bulk of the 
world’s supply of silk. This insect, whose lifc-hLstory is 
elsewhere described, is probably indigi‘nous to China, but it 
has been domesticated for centuries and spread throughout 
the world. It may still occur wild on the slopes of the 
Himalayas, far up the valleys of Kashmir, or in some sub- 
montane area in that part of the world. 

Hind-wing with vein 8 approximated to or anastomosing 
with 7 ; vein Ic absent ; fore-wing with vein 5 nearer 6 than 
4 ; frenulum absent ; proboscis present ; pupa without 
cocoon. 

These are large moths, of which the colours are usually 
sombre, with complicated j)atterns on the wings. 'J’he .antenna* 
are bipectinate, and tin* proboscis j^resent. 

The family is a small one, consisting of about lift(‘cn s|)ccies, 
which are confined to the warmer regions of the lOaslcrn 
hemisphere. There are no British species. 

Little Is known of the life-history of this family. The larva* 
of some species have the second and third segments swollen, 
and in some cases there are spines on the ant(*rior part of the 
body. A cocoon is not formed. 

Brahmeids are of no economic importance. 

Ceratocampidte. 

Hind -wing with vein 8 diverging from the cell at the base ; 
vein Ic absent ; fore -wing with vein 5 nearer 6 than 4 ; frenu- 
lum afbsent ; proboscis present ; tibiae with spurs. Larva 
usually spiny, pupating in the ground without a cocoon. 

These are medium-sized to large moths, and are mainly 
brightly coloured. The body is short and fairly stout : the 
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antennae short and pectinate. The proboscis is always present, 
but in some cases it is not well developed. The moths are 
usually nocturnal in habit, and a bright light has a strong 
attraction for them. 

The distribution of the family is limited ; it is confined to 
the New World, most of the species occurring in the tropical 
districts. About sixty species have been recorded. 

The eggs are rounded, and are deposited singly or in batches 
on the food-plant. The larvati are usually brightly coloured : 
they are without hairs, but with a series of stout bristles or 
protuberances arranged along the body. They usually feed 
on the foliage of trees, and pupate under the surface of the 
soil. A cocoon is not formed. Hibernation usually takes place 
as a pupa. 

The sexes can frequently bo distinguished by the antennae, 
which are more strongly pectinate in the male than in the 
female. 

Ceratocampids are of no economic importance. 


Uraniid^e (including Epicopeiidm and Epiblemidw). 

Hind -wing with vein 8 diverging from 7 at the base ; vein 
Ic absent ; fore -wing with vein 7 remote from 8 and 9, and 
usually stalked with 6 ; vein 5 nearer 6 than 4. 

The moths in this family are very diverse in size and 
appearance : some are small and dully coloured, while others 
are of large size, and possess a brilliant metallic coloration. 
In many cases the moths resemble Swallowtail butterflies, 
having a similar coloration, and similar processes on the 
hind-wings. In the majority of species the wings are fairly 
large, the bodies slender, and the entennae are filiform. 

The family is a small one, but is widely distributed in the 
warmer regions of the world. There are no British species. 

Little is known of the life-history of this family. The 
larvae vary very considerably : many being greatly ornamented, 
some with long white waxy processes, others with long dark 
hairs ; others again resemble noctuid caterpillars, except for 
dorsal fleshy processes. 
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Pupation usually takes place on the surface of the soil, in 
a thin silken cocoon. 

Uraniids are of no economic importance. 

Fiiscicule 16, 1903, of the OeHcra Inseciorum^ by Janet 
and Wytsmann, deals with the KpkopcikUv, which are here 
included with Uraniidce. 


PsYCiiiDyi:. 

Bag worms, Case weavers. 

Female wingless in a case. Male winged, with imperfect 
scales ; hind -wing with vein 8 free or connected to cell by a 
bar ; vein Ic present ; fore -wing with vein Ic present ; 
proboscis absent. Larva of both sexes in a case. 

These are small to moderate-sized moths of dingy colours. 
The scales arc imperfect and there are no delinite i)atterns 
on the wings. The an- 
tennae, in the male, are 
bipectinatc ; in the female 
they are aborted or absent. 

The female, which remains 
in the larval case, is wing- 
less, but the amount of 
degeneration with regard 
to the other appendages 
varies considerably ; in 
some cases the legs are 
well developed, but in 
others the moth has be- 
come maggot-like, the legs 
being absent and the head 
much reduced in size. 

The family is a large 
one, ^ith a world-wide 
distribution : there are nine British species. 

Copulation takes place in the larval case of the female, 
the male inserting its long flexible abdomen into the opening 
at the top of the case. The female lays the eggs inside the case 



Fig. 130. — Larva of P«yclii(l {Mahasena 
graminivora). 
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and then dies. The larvae on hatching leave the parent case, 
and before feeding construct cases of their own, from pieces 
of vegetable matter interwoven with silk. So hard and strong 
are the cases that they arc frequently mistaken for shells. 
The structure of the larvae is quite normal, and it moves about 
readily, dragging the case with it. Pupation takes place inside 
the case. The pupa of the male is normal; that of the 
female is usually without wing-cases, but these occur in the 
pupae of some species. Parthenogenesis is known to occur in 
one species of the family. Hibernation usually takes place 
in the egg stage. 

Although one or two species have been reported as injurious 
to certain trees, particularly in the United States, there are 
really no definite pests among the Fsychidm, 


HKTEROGYNIDyE. 

Female wingless in the cocoon. Hind -wing with vein 8 
free or connected to the cell by a bar ; vein Ic present ; 
fore -wing with vein Ic present ; proboscis absent. Larva 
free. 

This is a family of one genus only, Heterogynis, from the 
South of Europe. The male moth is very similar in appearance 
to the males of some species of Psychids, being small and 
dusky-coloured, with imperfect scales. The female is destitute 
of wings and appendages, and remains in the cocoon, where the 
eggs are laid. The larvic are greyish : they are elongate and 
' taper slightly at each end. The pupa is dark brown or black, 
and is enclosed in a thin oval cocoon of grey or yellow silk. 

Heterogynids are of no economic importance. 


ARBELIDiE. 

Hind -wing with vein 8 free or connected to the cell by a 
bar ; vein Ic present ; fore -wing with vein Ic absent ; 
frenulum absent, proboscis absent. Larva boring in trees 
or bushes, feeding on the bark and pupating in the bore. 

The members of this family are small moths of dull colours. 
The body is long and slender, and frequently is tufted with 
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hairs at the apex. The antennaj are of moderate length, and 
are bipectiiiate iii the male. There is no proboscis. The moths 
are nocturnal in habit, and are only to a slight extent attracted 
to light. 

Arbclids constitute a small family, and are found in the 
tropical and sub-tropical regions of tlie Old World. 

The eggs, whicli are oval and pale green in colour, are laid 
singly on the })ark of the food-plant. The larvae are dark 
and smooth ; they construct a short tunnel in the stem, in which 
they rest during the day time. At night they leave the tunnel 
and feed on the bark surrounding the (uitrauce hole, underneath 
a web which they construct of silk, macerated bark and 
excrement. Pupation takes place in the bore, without the 
formation of a cocoon. Tlu^ pupa is long and slender ; the 
abdominal segments are flexible and armed with hooks, by 
means of which the pupa can move freely in the tunnel. The 
winter is spent in tlie larval stage. 

The sexes can be distinguished by the antenna?, which are 
bipectinate in the male : the female is usually larger and paler 
in colour than the male. 

►Several members of tliis family arc pests, as they feed on 
the bark of fruit and other useful trees. 1'he most serious, 
Jiowever, are those species that attack tea, of which Arbela 
dm is tlie most important. This moth annually causes 
damage to tea in India, and no satisfactory means of dealing 
with it has yet been discovered. 


ARflYROTYPinjE. 

Hind -wing with vein 8 free or connected to the cell by a bar ; 
vein Ic present ; fore -wing with vein Ic absent ; frenulum 
present ; proboscis absent. 

This family contains but three species, two from Mada- 
gascaf and one from Chili. They are moths of moderate 
size, with slender bodies and pectinate antennse. The 
life-history is unknown, and the moths have no economic 
importance. 
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Ratardid^. 

Hind -wing with vein 8 free or connected to the cell by a bar ; 
vein Ic present ; fore -wing with vein Ic present ; frenulum 
absent ; proboscis absent. 

This family contains one species only, Ratarda marmoratay 
from India. This is a slender moth of medium size ; it is dark 
in colour, with slight fringes to the wings and with pectinate 
antennae. The proboscis is absent. The life-history is 
unknown, and the moth is of no economic importance. 


CossiDiE. 

Hind -wing with vein 8 free or connected to the cell by a bar, 
and remote from 7 ; vein Ic present ; fore -wing with vein 
Ic present ; frenulum present ; proboscis absent. Larva 
boring in wood and pupating in the tunnel. 

These are moderate-sized to large moths, of dull colours, 
grey or brown being predominent, with vague patterns on the 
wings. The wings are long and narrow, with the scales 
frequently imperfect. The antennae are short and usually 
bipectinate, but sometimes simple in the female. There is no 
proboscis. Cossids are nocturnal in habit, and arc attracted 
to light. 

The eggs are laid, as a rule, in crevices in the bark of trees. 
The larvae are smooth, but occasionally have a few stiff bristles 
. scattered along the sides. They are whitish or pale pink in 
colour. The larvae of certain species give out a strong odour, 
for example, Cossus cossus in this country, of which the larva 
has a smell resembling that of the goat ; the moth is called 
the goat moth in consequence. Most of the larvae tunnel in 
the wood of trees, but sometimes dead wood is also attacked. 
A few species bore in the stems of reeds. The life-history is 
slow, the larval stage frequently occupying several years. 
The pupa is dark brown and is enclosed in a rough oocoon 
of silk and macerated wood inside the bore. Hibernation 
takes place as a partially grown larva or as a pupa. 

The sexes can usually be distinguished by the size, the males 
being markedly smaller than the females. In addition, the 
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antennsG of the male are more strongly j^ectinate than those 
of the female. 

Apart from slight damage caused to trees grown for timber 
or ornament, eertain species of this family are pests as tlioy 
attack the stems of crop plants. The most important is 
probably Zeuzera coffea\ which bores into the stems of coffee 
in India and Java. Cossufi cossus and Zeuzera pyrina in this 
country occasionally attack fruit trees. 


LASlOrAMPID.E. 

Hind-wing with vein la reaching the outer margin ; vein 
8 curved, and approximated to or anastomosing with 7 ; 
vein Ic absent ; fore-wing with vein 5 nearer 4 than 6 ; 
frenulum absent ; proboscis absent. Larva with lateral 
tufts of hair, pupating in a cocoon of silk and hair. 

The majority of the moths in this family arc of medium size, 
though some are large. Brown is the predominant colour. 
The body is fairly long and stout, and is frequently furnished 
with an anal tuft in the female. The antennne are pectinate 
in both sexes, but more strongly so in the male than in the 



Fig. 131. — Larva of Lasiocanipid {ftaslrnjmcha (^urrei folia). (X I-) 
(As drawn from above, neither the legK nor Bucker feet are viHlble.) 


female. The proboscis is absent. Most of the Lasiocampids 
are nocturnal and will come to light : the males of a few 
species fly rapidly in an erratic, darting manner in bright 
sunlight. Assembling is of frequent occurrence in the family. 

The distribution of the family is world- wide : over 500 
species have been described, of which eleven are British. 

The eggs, which are round and slightly flattened, are laid in 
batches on the food-plant, either on the foliage or on the twigs. 
They are frequently covered with hairs from the anal tuft 
of the female. The larvae are elongate, and are usually brown 
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in colour : they are armed with lateral ‘‘ shaving-brush ” 
tufts of hair, which are easily detachable, and cause great 
irritation if they enter the skin. The caterpillars are often 
gregarious, constructing a common shelter of silk under which 
they rest by day. The pupa is dark brown or black, and is 
enclosed in a cocoon of tightly woven silk and hair, placed on 
the food-plant or on the surface of the soil. Hibernation takes 
place in the egg larval or pupal stage : in one case in this 
country the imago emerges in winter. Occasionally the moths 
pass several years in the pupal stage. 

The sexes can usually be distinguished without much 
difficulty, the females being larger, paler in colour, and with 
the antennae less strongly pectinate, than the males. 

Certain species in this family are leaf -eating pests, the most 
important being the Lackey, Malacomm 7mistria, and allied 
species, on apple. The larvae of these moths are known as 
Tent caterpillars, as they are gregarious and spin a common 
web. In certain years they abound, and completely defoliate 
whole orchards. They are controlled by an arsenical spray, 
or by the destruction of the shelters. The Lackey is a 
European moth, but similar pests of the same genus occur in 
North America. These moths are attacked by parasites, 
particularly Tachinid flies, to a very great extent. 

ENDROMIDiE. 

Hind-wingwith vein 8 connected with the cell by a bar near 
the base ; vein Ic absent ; fore -wing with vein 5 nearer 4 
-than 6 ; frenulum absent. 

This family consists of one species only, Eiidroniis versicolor, 
the Kentish Glory. It is found throughout central and 
northern Europe, including Britain. 

Endromis is a large moth, brown or buff in colour, with two 
black cross-lines on the wings, and a V-shaped black mark in 
the centre of the fore-wings. The antennse are of moderate 
length, pectinated in the male and slightly so in the feKiale : 
the proboscis is aborted. The males fly strongly in the 
sunlight, but the females do not become active until night. 

Assembling ” is characteristic of this species : as many as 
a hundred males have been observed to visit one female. 
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The eggs are oval, and greenish-brown in colour : they are 
laid in rows on twigs of birch. The larvjc, which are green, 
dotted with black, arc stout, tapering forward from the third 
abdominal segment to a small head. There is a thick horn -like 
prominence on the last segment. When young, the larvae are 
darker in colour, and when resting cluster on the twigs of the 
food-plant. The pupa is brown, with a series of spines on the 
abdominal rings : it is enclosed in a tough cocoon which is 
placed generally on, but sometimes just underneath, the 
surface of the soil. A few days before the enuu-gence of the 
imago, the pupa, by means of its abdominal spines, wriggles 
partially out of the cocoon. Hibernation takes place as a pupa 
in the cocoon. 

The sexes are easily distinguished : the males an* smalh'r, 
darker and have more strongly pectinate antenna* than the 
females, and are day-flying. 

Endromids are of no economic importance. 

CllRYSOrOLOMID.K. 

Hind -wing with vein 8 remote from 7 and anastomosing 
with the cell ; vein Ic present ; frenulum absent ; palpi 
present. 

This family consists of one African genus, with but few 
species. The moths arc yellow or buff in colour, and are of 
moderate size. The bodies are short and rather slender, and 
the antennae are bipectinate. The life-history is unknown, 
and the moths are of no economic importance. 

Peropkorid.e. 

Hind -wing with vein 8 free or connected to the cell by a bar ; 
vein Ic present ; fore -wing with vein 9 widely separated from 
8 ; frenulum absent ; proboscis absent. Larvae case- 
dwellers, pupating in the case. 

The moths belonging to this family are of medium size, 
and are dully coloured, usually brown. There is no proboscis. 

The family is a small one, and in distribution is confined to 
the New World, chiefly tropical S. America. 

The eggs are laid singly or in batches on the food-plant. 
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The larvae are very varied in form, some being elongate, and 
others short and thickened. In most cases they possess a 
number of curious appendages on the head. These are short 
and slender, and their function is unknown. All the larvae 
live in cases, which they carry about when feeding : when at 
rest they usually attach the cases to the food-plant by silken 
threads. They will, however, readily leave their cases if 
alarmed. The cases are usually constructed of leaves, which 
are folded and spun together with silk : in one species, 
Perophom sangumolentay the case is constructed of the 
caterpillar’s excrement. Pupation takes place inside the case : 
the pupa is capable of movement and has rows of spines on 
the abdominal segments. 

Perophorids are of no economic importance. 


Mkoalopygid.^ (Lagoidm). 

Hind -wing with vein 8 remote from 7 and anastomosing 
with the cell ; vein Ic present ; frenulum absent ; palpi 
absent. Larva with 7 pairs of sucker feet. 

This family is a small one, and is confined to the New World, 
being found chiefly in tropical S. America. 

The moths are small and of light colours, yellow or buff 
being predominant. The bodies are stout and thickly covered 
in hairs : there is frequently an anal tuft in the female. The 
antenna} arc of moderate length and are bipectinate. 

The larvse are elongate, and possess seven pairs of sucker feet 
instead of the usual five. They are covered with long silky hair, 
and in some cases are also furnished with poisonous bristles. 
Pupation takes place usually underground in a tight cocoon 
furnished with a trap-door for the emergence of the imago. 

None of the Megalopygids are of economic importance. 

Limacodid^ (Eiicleidm ; Heterogeneidee ; Cochlididw). 

Hind -wing with vein 8 distinct from 7 and anastomosing 
with the cell ; vein Ic present ; frenulum present. Larvae 
slug-like, without sucker feet. 

These are mainly small moths, usually dull brown in colour, 
but occasionally apple-green. The body is short and the wings 
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rounded. There is no proboscis. The moths are night-flying. 

The distribution of the family is wide, but mainly tropical : 
about 400 species are known, of which two are British. 

The eggs are oval and flat, and are laid usually in batches 
on the food-plant. The larva^ vary greatly in a])pcarance, 
but are always destitute of sucker feet and 
have the thoracic legs much reduced. In 
some species the caterpillars liave a series 
of protuberances on the body ; in other 
cases they are covered with a thick skin, 
which hides all traces of segmentation ; 
while in others again they are elotlu'd with 
spines, which in many tropical forms are 
developed to an enormous extent, and are 
frequently poisonous. The geiu'ral shape' of 
the larva is short and oval, and the head in 
many cases is retractile. The pupa is enclosed 
in an oval cocoon of silk, which is generally 
placed among the leaves of the food-plant. 'Idie cocoon is 
provided with a definite lid, which is pushed open by the pupa 
before the emergence of the moth. Hibernation usually 
occurs as a full-grown larva in the cocoon. The family has 
little economic importance : a few species, however, are 
minor pests. Among these we may mention : Belippa laleava, 
which feeds on Cinchona in India ; B. albiyuttaldy on tea in 
Java ; and Parasa virida, which injures coffee in British 
E. Africa. 



Kk;. 1:C2. 

(lid Larva 
li pifla). ( > IL) 


Dalcekid^e. 

Hind-wing with vein 8 free or connected to the cell by a bar 
and remote from 7 ; vein Ic present ; fore- wing with vein 
Ic present ; frenulum present ; hind- wing extending beyond 
the abdomen ; proboscis absent. 

This is a small family peculiar to the neotropical region. 
The^oths are of small to medium size, and usually of dull 
colours. They are day-flying. The body is short, and the 
hind-wings are wide and extend beyond the apex of the 
abdomen. The antennae are pectinate, and there is no 
proboscis. 
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The larvae of only two species appear to be known. Of 
these, one is pale green and the other is white and translucent. 
They resemble the larvae of the Limacodids, the abdominal 
feet being absent and the movement like that of a slug. The 
body has a series of small protuberances, which break off at 
the slightest touch. 

The species of this family are described by Dyar {Proc, Ent. 
Soc. Wash. 1910, p. 113). 


Neocastntid^. 

Hind-wing with vein 8 free and remote from 7 ; vein Ic 
absent ; fore-wing with vein 5 nearer 4 than 6 ; proboscis 
absent ; antennae clubbed. 

This family consists of three species only, from the warmer 
regions of the East. They are large moths, resembling butter- 
flies of the family Nympluilidce in appearance. None are of 
any economic importance, and their life-history is unknown. 


Castniid;e. 

Hind- wing with vein 8 free, diverging from the cell at 
the base ; antennae clubbed ; proboscis present ; frenulum 
present. 

The Castniids constitute a small family whose members 
are confined to S. America and Australia. In size they are 
very varied, ranging from small to very large forms. They 
resemble Rhopalocera in appearance and habit, but can readily 
Jbe distinguished from that group by their possession of a 
frenulum. The antennae are long, and are clubbed or hooked 
at the tip. The larger forms are dark with paler markings, 
and resemble the Nymphalids. The smaller ones, belonging 
to the Australian genus Synemorij resemble the Hesperiids. 
They fly over grass-land in hot sunshine, and rest with their 
wings folded vertically over the body. • 

So far as is known, the larvae bore in the stems of plants. 
The life-history of one species only, Castnia licus, has been 
studied in detail. This is a large insect which is a pest of 
sugar-cane in B. Guiana and in some parts of the W. Indies, 
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and in Trinidad also attacks banana. It causes serious 
damage as the larva is of large size, and constructs a corre- 
spondingly large tunnel. The eggs, which are oval and pointed 
at each end, are laid singly inside the leaf- base of the plant. 
The larvcTG on hatching tunnel into the stem, and when full 
grown pupate inside the tunnel in a cocoon of silk and wood- 
chips. 


Euschemonid^. 

Hind-wing with vein Ic absent ; fore-wing with vein 5 
nearer 6 than 4 ; frenulum present ; antennae clubbed. 

This family consists of one species only, Kuschenum rafflesiu’y 
from Australia. It is a medium-sized moth, dark in colour, 
with light patches, and with long anteniue. In aj)pcaranco 
it is very similar to a large Hesperiid butterfly, and is a day- 
flying insect. It is of no economic importance, and its life- 
history is unknown. 


ZvoiENiDiE. 

Burnets. 

Hind-wing with vein 8 approximated to the cell and con- 
nected to it by a bar ; vein Ic present. Proboscis usually 
present. Middle spurs of hind-tibiae very short or absent. 

The Zygaenids comprise a large family and are widely 
distributed in both tropical and temperate regions. There 
are ten British species. The moths are mainly diurnal in 
habit. The family is divided into three sub-families, which 
differ largely in appearance. The Zygmnince, to which all the 
temperate and a large number of the tropical species belong, 
are small moths with stout rounded bodies. The colours are 
bright, combinations of red, black and green being the 
commonest. The antennae are long, slightly thickened and 
hooted at the tip, and are not pectinate. The proboscis is 
well developed. The Chalcosiince are large moths with 
pectinate antennae and a well-developed proboscis. The 
coloration is bright, and the moths frequently mimic protected 
species of other families. This sub-family contains a largo 
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number of species, but is confined to the warmer regions of 
the East. The third sub-family, Phaudinw,, consists of a 
number of small moths from India and Africa. The scales on 
the wings are imperfect, and the hind- wings are often reduced 
to a long slender tail. The mouth-parts are absent. 

The eggs are laid singly or in batches on the food-plant, 
usually on the under-side of the leaf. They are flattened, 
slightly oval, and pale in colour. The larvse are short and stout, 
being thickest in the centre. Usually they are of dingy 
colours, and are sparsely covered with short hairs. Their 
legs and sucker feet are small and their movements sluggish. 
The pupa is soft and black, and is capable of more movement 
than is usual among Lepidoptera. It is enclosed in a hard 
silken cocoon, which is usually attached to the food-plant 
and from which it wriggles out before the emergence of the 
moth. Hibernation as a rule takes place as a partially grown 
larva. 

Zyga?nids arc not of great economic importance; a few 
species, however, are pests, the most important being those 
which attack tea in India and Ceylon. These pests are known 
as Red Slug caterpillars and belong to the genus Heterusia, 
The suggested remedies are the hand collection of the adults 
and larvje, and the segregation of infected blocks by means 
of wood-ash rings placed round the trees. 

BracJmrtona mtoxantha occasionally becomes a serious pest 
of coconuts in Malay. This pest will produce five broods 
in a season, so it is important to deal effectively with it on 
its first appearance. The remedies suggested are the hand 
collection of the eggs and of the adults, and a kerosene- 
emulsion spray for the larvae. 


CALLIDULIDiE. 

Hind -wing with vein 8 curved, with a precostal spur, and 
approximating to, or anastomosing with 7, or connected to 
it by a bar ; vein Ic absent ; fore-wing with vein 5 neafer 4 
than 6 ; frenulum absent or rudimentary. 

This is a small family of some fifty species, which are found 
in the Malay Archipelago and in Eastern India. The moths 
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are of medium size and slender build ; they are day-flying and 
in appearance resemble butterflies. The antemne are of 
medium length, and simple ; the palps are long. In most 
cases the frenulum is absent, but in a few species it is present 
in a rudimentary condition. Nothing is known of the life- 
history of the members of this family. They are of no 
economic importance. 


DrepanidvE {I)repamdid(r). 


Hook-tips. 

Hind -wing with vein 8 curved and approximating to or 
anastomosing with 7 or connected to it by a bar ; no precostal 
spur ; vein la absent or reduced, vein Ic absent ; fore -wing 
with vein 5 nearer 4 than 6 ; frenulum present ; proboscis 
aborted. Larva without anal claspers. 

This family contains about 150 species, whicli are widely 
distributed throughout the world, but are particularly 
characteristic of sub-tropical forest areas. In Britain there 
are six species. 

The moths are small or of medium size with slender bodies 
and large wings. Erequently the a])ices of the fore-wings 
are pointed and curved downwards, which gives to the motlis 
their English name of Hook-tips. There is considerable 
variety in the coloration, shades of brown with black markings 
being the commonest form. Not infrequently the scales aro 
imperfectly developed. The antenna} are of moderate length 
and sometimes pectinate in the male. The proboscis is 
aborted. The moths fly by night, the flight being rapid and 
erratic : they usually prefer wooded or forest districts. They 
are attracted to light. 

The eggs are oval and are laid singly or in small batclies 
on the food-plant, which is usually the foliage of trees. The 
larvae are peculiar, the anal claspers being absent and the body 
terminating in a pointed process. They arc destitute of hairs, 
but frequently bristle-bearing processes are present on the 
segments. The pupa is dark brown and is enclosed in a 
silken cocoon spun up in the foliage of the food-plant. 
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Hibernation usually occurs as a pupa in the cocoon, which 
generally drops off with the leaves to which it is attached, 
and remains during the winter on the ground. 

The family has no economic importance. 


THYRIDID^i}. 

Hind -wing with vein 8 curved and approximating to or 
anastomosing with 7, or connected to it by a bar ; no 
precostal spur ; vein la reaching tornus ; vein Ic absent ; 
fore -wing vein 5 nearer 4 than 6 ; frenulum present. 

This is a small family, but has a wide distribution in tropical 
and sub-tropical regions. There are no British species. The 
moths are small to medium-sized, and vary considerable in 
colour and form. As a rule they are slender insects, and many 
have hyaline patches on the wings. The antennse are of 
moderate length and are not pectinate : the palpi are slender 
and upturned. 

Little is known of the life-history. The larvae that have 
been described resemble those of the Pyralidce, having few 
hairs and five pairs of sucker feet. Many are internal feeders, 
boring in stems or roots. The family has no economic 
importance. 


Pyraud^:. 

Hind -wing with vein 8 approximating to or anastomosing 
with 7 ; vein Ic present ; labial and maxillary palps usually 
well developed ; proboscis present or absent. 

This family contains an enormous number of species. 
Everywhere abundant, they are more characteristic of tropical 
than of temperate regions : in Britain there are 153 species. 

The moths are usually small, few attaining a wing-span of 
more than an inch and a half. The colours are varied, butidull 
browns or greys are the most frequent. Pyralids as a rule 
are slightly built moths, with slender bodies, long narrow 
wings without fringes, and long thin legs. The antennae are 
simple — sometimes ciliate and more rarely pectinate in the 
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males. The palps are well developed : the proboscis small and 
often absent. There is no general rule for sex determination. 
The colours, as a rule, are similar in the sexes, but the males 
may be distinguished sometimes by the eharacter of the 
antennae^ by tufts on the wings or legs, or by their size. 
Usually the moths are night-flying and will come to light : they 
rest during the day-time with wings wrap})e(l round or crossed 
flat over the body. The moths of one genus, Acentropns, are 
aquatic : entirely so in the female and partially so in the mal(\ 
The males fly feebly over water ; the females, whose' wings are 
reduced or absent, come to tlie surface for coupling and take 
the males down with them. 

The life-history, except as regards tlu' food habits of the 
larva3, is fairly uniform. The eggs are round or oval, flat and 
scale-like, and are deposited singly or in 
batches on the food-plant, in a few cases 
the batches being covered with scales or 
hairs from the anal tuft of the female. 

The larva? are elongated and cylindrical, 
usually greyish in colour, and with few 
hairs. There are five pairs of sucker 
feet on which the hooks are arranged in 
a circle. The larva? usually feed in con- 

1 , , T i 1 ‘ l*u)Vva forjiralhs. 

cealment : when disturbed they can ( v ir,.) 
move very rapidly, either forwards or 
backwards. The larval habits are very diverse. Many web 
leaves, others bore in stems or roots, a few are aquatic, while 
others again live in grain or flour, and some feed on the wax 
in beehives. Most frequently the ])upa is clu'stnut brown, 
and capable of slight movement. It is enclosed in a silken 
cocoon, from which it is not protruded at the emergence of 
the moth. Hibernation usually takes place as a fully fed 
larva. 

The family contains many pests, the most destructive being 
the stem-borers. The more important harmful species are 
menl^oned under their respective sub-families. There is no 
uniform classification of the family. Meyrick in his group 
Pyralidina recognizes nine families, including three, the 
ThyrididoBf the Orneodidee, and the Pterophoridwy which are here 
treated separately. 
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PhycitincB (—Phycitidm, Meyr). 

These are small moths with narrow wings, usually grey in 
colour, which are wrapped tightly round the body when at 
rest. The proboscis is well developed and the antennae of 
the male are often dilated at the base. Ephestia kuhniella, 
the Mediterranean flour moth, is a member of this group. It 
feeds on flour, biscuits, and other farinaceous products and 
causes great loss and damage in flour mills and bakeries, both 
in Europe and in America. 


Galleriinm (^Galleriadcti, Meyr). 


mp 

I 

% 


a 


This is a small sub-family, but with a very wide distribution. 
The moths are of moderate size, with a short proboscis and 
filiform maxillary palps : they are 
nocturnal in habit. The larvae feed 
in concealment, and produce large 
quantities of silk, spinning webs and 
galleries where they feed, and pupat- 
ing in a firm cocoon. The larvae of 
several species live in the hives of 
bees, feeding on the wax, one in par- 
ticular, Galleria rnelloiiella, causing 
considerable damage. 



Ffo. 134. — Head of a Crainbid , . , 

Motli (Fam. Pyralklar). Crambinm (= Crarnbuke, 

a ^ antenna, e oyo. wp = inaxil- GraSS MotllS. 
lary palp. Ip - labial palp. 


Meyr), 


This is a large sub-family, particu- 
larly in temperate regions. The moths are of moderate size, 
with long narrow fore-wings. The maxillary palpi are tri- 
angular and heavily scaled, and give the head of the moth 
a pointed appearance. The proboscis is well developed. The 
moths fly at dusk, resting during the day in an upright posi- 
tion on grass stems, with the wings closely folded round the 
body. The larvae feed on grass stems or roots, either boring 
into them or living in silken galleries at or near the ground- 
level. Pupation takes place in the larval galleries. 

Many of the notorious moth borers of sugar cane belong to 
this group. The most important are species of Dmtrcea and 
Chilo, Diatrm saccharalis in the West Indies and in North 
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America, D. lineohta in South America, D. striatalw and Chih 
infuscatellus in Java, and Chilo simplex in India. These moths 
lay their eggs in masses on the cane leaves : the larvie bore 
down the stem, and cause immense loss. The eggs are largely 
attacked by hymenopterous parasites, and egg masses should 
be collected, but not destroyed until any parasites that may 
be present have emerged. Further control measures are the 
use of light traps for the adults, and the destruction of young 
diseased cane. D. saccMralis and C, simplex also attack mai/.e. 
Chilo plejadellus is a similar pest, that attacks rice in the 
United States. 

Schmiohiinm ( ~ Part of Pyranstidwy Mcyr). 

A small sub-family of moderate-sized moths, with the 
proboscis reduced or absent and the palpi rather short. This 
group contains the aquatic genus Acmlropus^ which has been 
already referred to : the larvae of the remaining forms l)ore 
in the stems of grasses, several attacking sugar cane. The 
most important of these are Scirpophaga auriflua from India 
and Java, and S, monostigma from India. The eggs arc laid 
in hair-covered clusters on the leaves : the larvae work down 
to the base of the leaf-cluster and destroy the apical bud, 
and thence into the stem. The control nu'asures a(lopt(‘d ar(^ 
similar to those used against Crambiiuv. Schmnolnus hipunc- 
iifer is a similar moth, which attacks rice in India. The egg 
masses are placed on the leaves and the larvae bore down the 
stems, causing them to wither. All stubble should be j)loughed 
in or burnt, in order to destroy the resting larvae : if j)ossible, 
the egg masses should be collected. 

Hydrocampinw ( = Part of Pyraustidce, Meyr). 

These are slender moths, with long narrow wings and long 
legs. Many of the larvae are aquatic, breathing by means of 
gills ^r breathing air at the surface. Nymphuh depunctalis, 
the Rice Case Worm of India and Java, is destructive to the 
foliage of that crop. The eggs are laid on the leaves, and the 
larva forms a case from a rolled leaf, in which it can live either 
in air or in water. It pupates in a webbed-up leaf. 
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Pyravstince (= Remainder of Pyraustidm, Meyr). 

This is a very large sub-family, common everywhere, but 
particularly so in the tropics. The moths are of small to 
moderate size, the wings neither very long nor narrow. Most 
of the species fly at dusk and are attracted to light. The 
majority of the larvae are leaf-webbers, but some few live 
openly on the plant and others bore in stems. The most 
important pest in this group is probably Sylepta derogata, the 
leaf-roller of cotton, which occurs in India, in Africa, and in 
Java. The eggs are laid on the leaves or shoots, and (he 
larvae feed on the leaves, rolling them by means of silken 
threads. The larvae pupate in the foliage or in the soil. 
Hibernation, however, which they undergo when fully fed, 
always takes place in the ground. Alternative food-plants, 
of which there are many in the order Malvcccce, should be 
controlled ; other measures adopted are arsenical spraying, 
hand collection of the rolled leaves, and the ploughing up of 
the ground during the period of hibernation. Marnca teslulalis 
is a widespread tropical pest of pulses, particularly pigeon pea. 
The moth is of moderate size, with large hyaline patches on 
the hind-wings. The larva attacks the pods of the crop, eating 
through them from end to end. Dichocrocis punctiferalis 
causes much damage to castor in India, boring in the stems 
and capsules : it also attacks cacao in (k^ylon. Two species 
of this group attack rubber, feeding on the foliage, but neither 
of them are serious pests. They are Caprinia conchyhUs, 
from Malay and Ceylon, and Glyphodes ocellatella from W. 
Africa. Probably the most serious pest in this group is 
Pyrausta mdnlalis, the European corn-stalk borer. This is a 
cosmopolitan insect, which attacks maize, millet, hemp, and 
other crops. It is especially destructive to maize in the 
United States and in Canada, where it has only recently been 
introduced. It spends the whole of its larval and pupal life 
in the stems, hibernating there as a larva. 

V 

Pyralince (^Pyralididse, Meyr). 

This sub-family includes a large number of species, principally 
from the tropics. The moths are rather small, with long, narrow 
fore-wings. The larvae are slender, and feed in silken webs 
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on dry or decaying vegetable matter. Pijralis farinalis is a 
eosmopolitan insect which is a minor household pest, feeding 
on flour, oatmeal, and similar substances. 


Orneodid.e (Alucitidw). 

The fore-wing divided into six distinct plumes. 

This family consists of about sixty species only, which are 
nearly all placed in the genus Orneodeji. They are, however, 
widely distributed throughout the world. There is one British 
species, Orneodes hexadactyla. 

The moths arc of small to moderate size, and are easily 
recognizable by the division of both fore- and hind-w ings into 
six plumes. The antenna) are of moderate Icngtli and are 
very slightly ciliate in the male : the proboscis is well 
developed. The moths fly at dusk, and are attracted to 
light. The larva) are almost smooth, with few hairs and 
five pairs of sucker feet. They feed openly on the food-plant, 
many species consuming flower-buds. Pupation takes place 
in a silken cocoon. The British species passes the winter as 
an imago. 

The family has no economic importance. 

PTEROrUORID/E. 

Plume moths. 

Fore -wings narrow and divided into two, three, or four 
narrow lobes ; hind -wings of one, two, or three lobes. 

This family includes a fair number of species, and is widely 
distributed both in temperate and in tropical regions : nowhere, 
however, is it very conspicuous. There are thirty-one British 
species. The moths are small and slender, with long narrow 
wings, which, except in the genus Agdistis, are divided up into 
a number of plumes. The proboscis is well developed and 
the maxillary palpi are absent. The antennae are of moderate 
length, slightly ciliate in the male. The legs are long and 
extremely slender, with conspicuous spurs. The colours are 
usually pale, buff, brown or greyish white being the commonest, 
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without definite patterns. The moths as a rule fly at dusk : 
they rest during the day with wings and legs outstretched. 

The eggs are oval and smooth, but not flat ; they are laid 
singly on the food-plant. The larvae are short and of a distinct 
oval shape, with five pairs of sucker feet. They are usually 
cryptically coloured in grey or green, and, to a greater or 
less extent, clothed in hairs and spines, which radiate from 
slight protuberances throughout the length of the body. The 
larva is slow-moving and feeds openly on the food-plant. The 
pupa is soft and hairy and is usually attached to the food- 
plant by the cremaster ; its colours are similar to those of the 
larva. Sometimes a slight silken cocoon is formed. Hiberna- 
tion occurs in all stages, but usually as a larva or pupa. 

The economic importance of the family is very slight. One 
or two species are pests on tropical pulses, the chief offender 
being Exelastis atomosa in India. The larvae of this species 
feed on the pods of pigeon pea, biting holes in the pod and con- 
suming the seeds from outside. The pupa is placed on the 
pod, fixed to it by the cremaster and a flimsy network of silk. 
The damage done by this pest is sometimes considerable. 

The family is described by Meyrick in Genera Insectorum^ 
Fasc. 100 (1910). 


Sesiid^e (Mgeriidw). 

Clear wings. 

Hind -wing with vein 8 absent ; vein Ic present ; proboscis 
small or rudimentary. Larva boring in the stems or roots 
of plants and pupating in the bore. 

This family consists of small to medium-sized moths, with 
long, narrow, and usually hyaline wings. The body is long and 
slender, often with red or yellow markings, and not infrequently 
with an anal tuft of hairs. The antennae are fairly long, and 
are thickened towards the tip. The legs are often heavily 
tufted with hairs. Sesiids are very active on the wing, and 
fly by day, preferring the hottest sunshine ; but they are 
inconspicuous and not often observed. They are stated to 
mimic Hymenoptera, but probably true mimicry occurs in only 
a few species. 

The distribution of the group is mainly temperate : there 
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are a large number of species, of whicli fourteen are British. 

The eggs are usually laid singly on the bark of the food- 
plant. The caterpillar is white and elongate, with five pairs 
of sucker feet. It bores in the stems or roots of its food-plant, 
the plants attacked being very diverse. The pupa, which 
is generally enclosed in a slight cocoon of silk and wood-chips 
inside the bore, is furnished with S 2 )ines on the abdominal 
rings, and has more power of movement than is usual in 
Lepidoptera. Hibernation usually takes place as a larva ; 
frequently the life-history occu})ies two or more years. 

Several of the Sesiids are pests, but none are of first-class 
importance. The best-known species in this country is Sesia 
(Mgeria) tipuliforrnis, which attacks the stems of currant. 
In America, the most important is j^robably jEgeria (Sanninoi- 
(lea) exitiosa^ which attacks the trunks of peach trees close to 
the ground, and causes much damage. 


TORTRlClI).^:. 

Hind -wing with vein 8 free or connected to the cell by a bar ; 
vein Ic present ; middle spurs of hind tibiae well developed ; 
palpi obtuse ; proboscis and frenulum present. Larvae 
living in concealment. 

This is a very large family, with a very wide distribution : 
it is, however, more characteristic of temperate than of tropical 
regions. There are 330 British species. The family is sub- 
divided into several sub-families which are ranked as families 
by many authorities. Meyrick recognizes four families, 
grouped in the super-family Tortrickia, 

The moths are of small size, with densely scaled wings 
usually of dull colours. The fore-wings, as a rule, exhibit 
brown markings, the hind- wings being without a pattern. 
The fore-wings are long and frequently have a characteristic 
appearance due to a hump on the costal margin. In rest, 
the jvings are wrapped round the body. The antennae are of 
moderate length and the proboscis is present. The majority 
of Tortricids fly at dusk with a rapid, darting flight : in the 
day-time they rest on tree trunks, the imder-sides of leaves^ 
and in other suitable places, and are very inconspicuous. 
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The eggs are very small, flat and scale-like. They are usually 
whitish in colour, and are deposited singly or occasionally 
in clusters on the food-plant. The larva3 are small but 
elongate, with few hairs, and live in concealment. The head 
is usually black, and in most cases there is a black bar-shaped 
chitinous plate on the first thoracic segment. The general 
colour is usually greyish- white, but sometimes green or pinkish. 
There are five pairs of sucker feet, the hooks on which are 
arranged in a circle. The majority of the larvae feed in rolled 
or webbed-together leaves, but quite a number burrow into 
fruit, flower-heads, or stems. The pupa is usually chestnut 
brown in colour. It is enclosed in a tight silken cocoon from 
which the pupa is protruded just before the emergence of the 
moth. Pupation takes place amongst the foliage, in crevices 
in the bark of the food-plant, or on or just beneath the surface 
of the soil. The insect hibernates, as a rule, in the cocoon, 
either as a fully fed larva or in the pupal state. 

Although less destructive as a group than the Pyralidw, 
yet the Toriricidm contain some very serious pests. These 
may roughly be divided into two classes — those which tunnel 
into the fruit, bud, or other part of the plant, and those which 
roll and consume the foliage. Of the first group, by far the 
most important is the notorious Codlin Moth, Cydia (Carpo- 
capsa) pomonella, which annually causes immense damage 
to apples and pears in every fruit-producing country of the 
world. The larva tunnels into the fruit, entering it at the 
calyx if young, or at the side if fully formed, and feeds inside. 
When full grown it leaves the fruit by a fresh tunnel and 
pupates in the soil or, more usually, in some crevice of the bark. 
The number of broods in the year depends on the climate, 
"varying from one to four. The most effective remedies are 
arsenical spraying before the calyx of the fruit closes, and again 
in summer if there is a second brood ; and banding the trunks 
with hay or sacking, to trap pupating larvae. Other pests 
of this class are Laspeyresia (Semasia) nigricarm, whieh in 
Europe and in America attacks peas in the pod ; Eucelis 
(Epinotia) funebrana, which attacks plums in Europe. 
Another serious pest is Eudemis (Polychrosis) boirana in Europe, 
and an allied species E. viteana in America, which attack the 
fruit of the grape. Very severe damage is caused by these 



LEPIDOPTERA 


391 


pests, one larva being able to destroy a whole bunch of grapes. 
Control by fungi and by insecticides is being attempted in 
America. The Apple Bud Moth, Tinetocera ocellava, which as 
its name implies bites into the buds of apple and other fruit, 
is a serious pest in Europe, and allied species cause great damage 
in America. The buds should be thoroughly sprayed with 
lead arsenate before they open, a coarse driving spray being 
employed. 

The leaf-rolling pests are not nearly so serious as those 
previously mentioned. In most cases, they can bo easily 
dealt with by a poison spray. Capua cojfmriay which attacks 
tea in Ceylon, cannot be controlled in this manner. It is 
dealt with by the collection of egg-masses, and by destroying 
the imagines by means of the Vermorel light trap. Conchylis 
epiliuma attacks the foliage of flax in Europe, and in addition 
sometimes tunnels into the unripe capsule. Ancylis comptana 
attacks strawberry in America, where it sometimes causes 
serious loss. It occurs in Europe, but is not a serious pest. 
Many otluT species attack various fruit trees, especially the 
apple ; but these are effectively controlled by the spraying 
for Winter Moth. 

The sub-family Toriricinw is monographed by Meyrick in 
Genera Inseclorum^ IVc. 149 (1913). 


Tineid^. 

Hind -wing with vein 8 free or connected to the cell by 
a bar ; vein Ic present ; palpi acute ; tibiae with all the 
spurs developed. 

This is a very large family, probably containing more species 
than any other. It has a world-wide distribution, its members 
being abundant both in tropical and in temperate regions. 
There are 700 British species. The moths are small, some 
excessively so. The wings are narrow, with a wide fringe of 
6ca|p8 ; in some cases the number of nervures is reduced. 
The majority of species are night-flying with dull colours, the 
fore-wings usually with vague markings, the hind-wings without 
a pattern. A few species are diurnal and are brightly coloured. 
When at rest, the wings are usually folded flat over the body 
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or held outstretched, and are not wrapped round the abdomen. 
The antennae arc commonly simple, and of moderate length ; 
as a rule, they are rather longer than those of the Pyralids, and 
in some cases, such as Adehy they are proportionately very 
long. 

The eggs are very small, round or oval, and flattened. As 
a rule, they have reticulate markings on the upper surface, 
and are deposited singly on the food material. The larva is 
elongate and slender, with few hairs : the most usual colour 
is grey, often dotted with black. There are five pairs of sucker 
feet, on which the hooks, as in the PyralidiE and the Tortricidm, 
are arranged in a circle. The food habits of the larva are very 

diverse. Many web 
leaves, some bore in stems, 
or under bark, or mine 
leaves or shoots, while 
others again feed in the 
seed capsules of plants. 
A few species are house- 
hold pests, consuming 
cloth and other material, 
while one or two are 
carnivorous and feed on 
scale insects. The larvae 
of many species construct 
cases of silk and fragments of their food material. They 
pass the whole of their larval life in these cases, carrying 
them about when they move. The pupa is usually brown, 
and is capable of movement of some of the abdominal 
segments, the number varying in different species. It is 
^enclosed in a cocoon of silk, from which it is sometimes 
protruded on emergence. Hibernation takes place usually 
as a fully fed larva, but sometimes in the pupal stage. 

Tineidce are divided into a number of sub-families, but there 
is no uniform classification. Only those groups that contain 
economically important species are here mentioned. Me^ick 
recognizes six families in the group Tineim, of which one, 
the JEgeriadee ( = Sesiidee) is here treated as distinct. The 
Tineidce contain a large number of pests, ranking alongside 
Noctuidee and Pyralidce as a destructive group. 




LEPIDOPTERA 


393 


Gelechiincfi (Gekchiadiey Meyr). 

A large group with a world- wide distribution. They are 
small moths, with a well-developed proboscis and short 
maxillary palps. The hind-wings are of peculiar shape, bcmg 
pointed at the apex. The pupa is not protruded from the 
cocoon at emergence. This group contains Gelechia (Pecteno- 
phora) gossypiella, the Pink Bollworm of cotton, one of the most 
destructive of insect pests. It occurs in India, Egypt, Sudan, 
America, and the West Indies, but is most serious in Egypt, 
where 17 per cent, of the cotton crop is annually destroyed by 
its ravages. In India it is probably controlled by Rhogas 
parasites. It has been recently introduced into America, 
and strenuous efforts are being made to confine it to a relatively 
small area. The larva bores into the boll and eats out the 
seed, hibernating inside the seed. All waste bolls are collected 
and burnt, while seed not wanted for cattle food is heated to 
a temperature of 55^ which is sufficient to kill the larva? 
which may be hibernating without destroying the germinating 
power of the seed. 

Gelechia {Lit a) ocellalella attacks beet in Europe, but is not 
a serious pest except in France. All parts of the plant arc 
attacked, but the main damage is caused by the larva boring 
in the root. 

Phthoriincea operculella ( = Lita solanella) is a first-class pest 
of potato. It occurs in the Mediterranean region, in India, 
and in America. It attacks both the foliage and the tubers, 
mining in the leaves or boring into the potatoes themselves. 
It will also attack stored potatoes, and it is here that its most 
serious damage is caused, as seed-potatoes are frequently 
destroyed. 

Gnorimoschema {Phthorimcea) heliopa is the stem-borer of 
tobacco in India and in S. Africa. The eggs are laid on the 
leaves, and the larva tunnels down the midrib into the stem, 
causing it to swell. It pupates inside the tunnel. The pest 
attacks seedlings chiefly, and these should be carefully watched 
and destroyed if infected. 

Anacampsis nerteria attacks ground-nut in southern India 
and in Ceylon, causing severe damage. The larva is a leaf- 
miner, and pupates amongst the foliage in silken webbing. 
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(Ecophorinm ((Ecophoridm, Meyr). 

This is a widespread group, but is predominant in Australia, 
where nearly 1,000 species have been described. The larvae 
feed principally among spun leaves or in decayed wood. A few 
are carnivorous. The pupa is not protruded from the cocoon 
on emergence of the moth. One species of the sub-family 
Hypatima pulverea feeds on lac in India, consuming not only 
the insects, but the dry shellac after it has been cut. 

Plutellinm (Plutellidce, Meyr). 

A sub-family of moderate size, with a wide distribution. 
Tlie larva is usually a leaf-webber. As a rule, the pupa is not 
protruded from the cocoon on emergence. The most important 
pest in this group is the Diamond Back Moth, Pluielh maculi- 
pen7m, which attacks cruciferous crops. It is a cosmopolitan 
species, seeming to flourish equally well in all climates, and 
sometimes becomes so abundant as to cause serious loss. 

Prays oleellus is a pest of olives, in Europe, attacking the 
foliage ; it is not very serious. 

Tinemce {Tineidce, Meyr). 

This is a very large group, and is equally common in all 
regions. The moths are usually small, and in some cases the 
veins are reduced in number. . The larv8B, as a rule, are leaf- 
miners or case-bearers. The pupa often has the abdominal 
segments very mobile, and is usually protruded from the cocoon 
in emergence. The most important pests in this sub-family 
are the clothes moths, of which there are several species, the 
most important being Tinea pellioniella, whose larva is a case- 
bearer, Trichophaga tapetzelUiy the larva of which forms 
silken galleries over the cloth, and Tineola biselliella, whose 
larva forms neither case nor galleries. All these species have 
a world- wide distribution, probably due to artificial introduc- 
tion, and do enormous damage to cloth, furs, feathers, and 
similar material. A simple household insecticide, sucji as 
naphthaline, is usually sufficient to expel the pest. 

Oinophila v-flavum is a minor household pest, which normally 
feeds on moulds on the walls of cellars, but occasionally bores 
into the corks of wine bottles. 
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Crypsithyris longicornis is a case-bearing insect from India, 
where it lives on whitewashed walls, presumably deriving its 
nourishment from the size in the whitewash. 

Several of the sub-families of Tineidce have been mono- 
graphed by Meyrick in Genera Inseciorunn^ Ease. 128, 133 
(1912), and 164 and 165 (1914). 


Hepialid^e. 


Swifts. 

Both wings with twelve veins, the cell of the hind -wing 
emitting more than six ; jugum present ; maxillary palpi 
and tibial spurs absent ; proboscis aborted. 

The HepmliiUv are a widely distributed family, though the 
number of known species is small, only about 170 having been 
recorded. It is in Australia that the family ai)pears to attain 
its higliest development, where sixty to seventy forms occur. 
In Britain we have but five species. Both in size and in colora- 
tion the Hepialicls exhibit great diversity, ranging from small 
sombre moths to the giant Zelotypia (Leto) stacyi of Australia, 
with a wing-span of nearly eight inches. Fore- and hind- wings 
are similar : both are long and narrow with imperfect scales 
and twelve nervures. The body is long and narrow ; the 
proboscis is absent and the labial palps are poorly developed. 
The antennae are filiform and are very short. 

The eggs are round and smooth, and, as a rule, are dropped 
by the female when flying over the food-plant. A very large 
number, sometimes several thousand, is laid by each female. 
The larvae are elongate, whitish and sparsely clothed in hairs. 
They feed underground on the roots of plants, or burrow in 
woody stems. Several years are frequently passed in the 
larval stage. The pupa is elongated, almost cylindrical, and 
soft. Rings of hooks are situate on the abdominal segments, 
and the pupa is capable of considerable movement. Pupation 
takes place in the tunnel or in the soil in a slight cocoon : the 
pupa wriggles free of the cocoon, and often to the surface, 
before the emergence of the moth. Hibernation usually takes 
place as a partially fed larva. 
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Hepialids are of very slight economic importance. Two 
species have been recorded as minor pests in this country ; 
Hepialus humuliy which attacks the roots of hop, and H. 
lupulinuSi which feeds on the roots of strawberry. 


MlCROrTERYGID^E. 

Both wings with twelve veins, the cell of the hind -wings 
emitting more than 6. Proboscis short or aborted. Man- 
dibles sometimes present. Maxillary palpi well developed. 
Jugum present. 

This family consists of a number of very small moths, which 
differ largely from all other Lepidoptera and vary considerably 
among themselves. They are of metallic coloration, with 
long antennae, and fly in bright sunlight. In some cases there 
are well-developed mandibles, in others a short proboscis. 
The mandibulate forms are pollen-feeding. In some species 
the females are provided with a cutting ovipositor, and lay 
the eggs inside the tissues of the food-plant. 

Micropterygids are essentially a temperate group : they 
have been recorded from Europe, Asia, America, and New 
Zealand. There are thirteen British species. 

The eggs are laid on, or in, the tissues of the food-plant. 
The larvae are of two types : the first (Eriocrania) forms a 
blotched mine in the leaf of the food-plant, and has no legs or 
sucker feet. The second type of larva [Micropkryx) feeds 
openly on damp moss. It possesses three pairs of legs and eight 
pairs of abdominal feet, and a trilobed anal clasper. The 
antennae are long, and the body bears rows of ball-like pro- 
- tuberances. The pupa is enclosed in a cocoon of silk, and 
is placed on or underneath the surface of the soil. In some 
cases (Eriocrania) the appendages are free, and the pupa is 
provided with a pair of large mandibles, which are shed on 
emergence. 

Micropterygidce are of no economic importance. 

The family has been described by Meyrick in Genera 
Insectorum, Fasc. 132 (1912). 



DIPTERA 


Flies. 

One pair of wings only, attached to the mesothorax ; a 
pair of balancing organs (halteres) attached to the meta- 
thorax. Mouth-parts suctorial and sometimes adapted for 
piercing. Larvae legless, the pupa either coarctate or obtect. 
Metamorphosis complete. 

The Diptem constitute that group of insects to which the 
term “ flies ” should be confined. They are on the whole 
small insects, the Tipulithv, Tabanidw, Adlidtv, and Mydiiida* 
containing the largest forms, the last-named family having the 
largest known fly (Mydas sp.). Mydas is a South American 
fly, and is over 2 inches long, with a wing-span of four and a 
half inches. Many families contain minute forms, and these 
mostly belong to the Orihorrhupha. Insects of tliis order arc 
found in the hottest and coldest climates, and have been 
taken all over the world. 

The characters given are sufficient to place an insect defi- 
nitely in or out of the Diptera. There are, however, exceptions 
to three of the above characters. A certaui number of forms 
are entirely wingless, or have only vestiges of wings remaining. 
Bezzi (1922) gives the following numbers of sjjecies in this 
category : Nernocera — 140 ; Brachycera — 12 ; (Jychrrhapha — 
232. Secondly, according to Wasmann, Termitoxenia has no 
free larval or pupal stage, but gives birth to adults. Thirdly, 
in a few forms the mouth-parts may be vestigial or absent. 

Flies, as a rule, are strong and powerful fliers. In a few 
families is to be found a specialized system of flight in which a 
swarm dances together in an apparently aimless fashion. Such 
swarms are usually confined to one sex, and are to be found 
among the “ gnat ” tribe, the CulicidxBy Dixid<je, Chirommidtx ^ 
and in the Empidee, Others, notably the Syrphidve^ have a 
fondness for maintaining themselves at some fixed point above 
the ground, the wings moving with great rapidity the while. 

Colour in Diptera is on the dull side. Dull grey or brown 
is very common, often with patches or stripes, while many are 
uniformly black, as regards the body. The wings are usually 
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transparent, but may have speckles, dusky markings, patches, 
or bands of dark colour on them. Where bright colouring is 
found, it is usually a scheme of black and yellow banding, as 
is found in the Syrphidce, Conopidm, and Oscinidm. Where 
metallic colouring appears, as in the Dolichopodidce and in the 
Muscoid group, it is either green or dark blue. Red is never 
found exce])t in the eyes. The sexes are, almost without 
exception, alike in coloration, but there are a few exceptions 
amongst the Bihmiidw, Tabanidm^ Cordyluruke, and Mnscidte. 

Mimicry is found in the SyrjMdcE, Mydaidm^ AsilidcB, and 
Conopidca, some of whicli bear marked resemblance to wasps 
and bees in coloration, shape, and size. Indeed, in the 
tropics it is sometimes impossible to tell the difference between 
some species of the (Joriopidai and the Sjiliajid(2 and Yespkhv^ 
while they are on the wing. Adult flies need a warm tempera- 
ture for active flight or they become torpid ; many perish of 
cold in the winter. Their food consists of pollen, honey, plant 
juices or the nutritious liquid of moist organic detritus. Some 
are predaceous on other insects, from which they suck the body 
juices, and some suck the blood of higher vertebrates. In the 
Orthorrha2)h<i blood-sucking is confined to the female sex : in 
the Cyclorrha 2 )ha both sexes indulge in this unpleasant habit. 

The Diylmi are separated into two big groups, corresponding 
to the way in which the pupa or pupa-ease splits when the adult 
insect emerges. Those families in which there is a split more 
or less straight down the back of the thorax arc grouped 
together as Orihorrhapha (i.e. ‘‘straight crack ”) while those 
in which the split runs round the end of the pupa-case are called 
Cyclorrhapha (i.e. “round crack”). 

Of course it is often impossible to sec the way in which any 
particular fly escapes from the pupa, and these divisions would 
be useless were they not also indicated by other characters 
more easily observed. The Orthorrhaphous pupa itself differs 
from the Cyclorrhaphous in that the latter is enclosed in the 
last larval skin, which remains round it as a protecting case, the 
pupa and its case together being called a “puparium.”, In 
the Orihorfhapha, with few exceptions (e.g. the family Stratio- 
myid(B)y we find, on the other hand, that the last larval skin is 
completely shed and cast aside, leaving the pupa bare and 
unprotected ; in such pupa the limbs and general shape of the 
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future imago can be seen, while in the Cyclorrhaphous piij)ariuin 
all these details are completely concealed by the hardened and 
contracted larval skin which encloses the true puj)a. This 
difference in the type of pupa is associated with a difference 
in the way the fly gets out of it : in the Orthorriuipha the 
splitting of the coniparativ(‘Iy w(‘ak pn])a skin is etTc'cted by 
what we may call “hunching the shoulders," and the top of 
the thorax is the part of the fly’s body which is first exposed. 
The Cyclorrhapha employ a different method, perhaps owing 
to the less yielding nature of the hardened skin which surrounds 
the true pupa. In order to escape, the fly, instead of trying to 
crack this skin along the thorax, })ushes out the end of it and 
emerges head-foremost. To push out the end it cannot use 
its feet and limbs, since these are eontined mummy-lik(' in the 
puparium, but it gets over the dilhciilty by the help of a V(Ty 
remarkable structure, in the sha})e of an e\})ansibl(‘ balloon 
arising from the head. When inflated with liquid from th(‘ body, 
this balloon (called a “ ptilinum ”) pushes off tlu' end of the 
puparium and releases the fly, whose escape is renderc'd easicT 
from the shrinking of the body due to the absence tluTcffrom 
of the liquid used to inflate the balloon. The ])tilinum is 
afterwards deflated and disappears ijito the head, leaving the 
scar called the “ frontal suture ” as evidence of its existence. 
All flies with this frontal suture are Cyclorrhaphu. 

It should be noted that three families [Pkitypezidiv, Pipun- 
(ulidcr, and the big family SyrjMdw) are included in the 
Cyclorrhapha, although they do not possess a frontal suture ; 
they are therefore known as Cyclorrhapha '' A.^rhiza ’’ (i.e. 
without suture), being classed with the Cyclorrhapha because 
of the mode of splitting of the pupa-case as well as by the form 
of the antennae and by their possessing a small but system- 
atically important structure in the shape of a minute sclerite 
just above the base of the antennae, called the frontal lunule, 
which is characteristic of all the Cyclorrhapha, Apart from 
these three families, the rest of the Cyclorrhapha consists of a 
vast number of species possessing both lunule and suture, 
and hence known as Cyclorrhapha “ Schizophora ” (i.e. possess- 
ing suture). House-flies and blue-bottles belong to this group. 
The Cyclorrhapha as a whole are also distinguished by their 
antennae having not more than three joints, the third joint 
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showing no signs of being segmented or made up of more than 
one piece, while it bears on its upper side an arista ” which 
is quite thin and hair-like and frequently plumose or pubescent. 
The palpi are unjointed. The Cyclorrhipha are thus divided 
into two groups, the Aschiza and the Schizophora, The 
Orthorrhapha are likewise divided, but here the division is based 
mainly on the structure of the antennse. The first group, the 
Orthorrhapha '^Nemocera^' (i.e. thread-horn ”) generally 
have four-jointed palpi and long antenna?, usually composed 
of a dozen or more similar freely- jointed segments, while the 
second group, the Orthorrhapha Brachycera (i.e. “ short-horn ”), 
have palpi of not more than two joints, and short antenna? 
which show various grades between the many-jointed Nemo- 
cerous antenna? such as those of mosquitos or Smulium^ and 
the simple, short, three-jointed antenna? of the Cyclorrhapha. 
From the Cyclorrhaphous antennae those of the Orthorrhapha 
Brachycera differ in that they usually show pretty clearly that 
what may look like the third joint and its contmuation (arista) 
is really made up of several joints or segments joined together. 
It may be noted that when, as in many Brachycera, the arista 
is thick and terminal, it is generally called a ‘‘ style ” to 
distinguish it from the very thin, usually dorsal, arista of the 
Cyclorrhapha, 

The life-histories, while very various in detail, exhibit a 
general broad similarity. Eggs are laid in or close to the food 
necessary for the larva?. The larva? of the Netrweera are 
mostly aquatic, or inhabit wet places, the former usually 
developing into floating pupa?. Very few of the larva? are 
predaceous, most of them being vegetarians or scavengers, 
and the imagines are in many cases blood-suckers (Mosquitos, 
Midges, Sandflies, and Simulium), One family, the Cecido- 
myiidw, includes many gall-makers. The larvae of the 
Brachycera are only occasionally semi-aquatic or aquatic (e.g. 
Tabanidce, the horse-flies, and Stratiomyidee), and are mostly 
either predaceous or parasitic on other insects; a few are 
scavengers. The adult Tabanids suck the blood of animals ; 
several other families suck the juices of insects, while those 
flies which develop from parasitic larvae generally frequent 
flowers and suck nectar. 

In both the Nernocera and Brachycera, most of the larvae 
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have a distinct and well-formed head, which is clearly separate 
from the thoracic segments. 

The larvae of AscMza and Schizophora are of a different type, 
for in these the head is very small and either habitually 
retracted or poorly developed, without any neck or distinctly 
marked division from the thorax, while the jaws are generally 
represented by two small hooks which work up and down, and 
not horizontally as in many Nemocenu With the exception of 
some Syrphidce we do not know of any predaceous larvae in 
these groups ; a few are aquatic, a considerable number attack 
living plants, and a still larger proportion are scavengers or 
are parasitic on insects or mammals. Excluding the aquatic 
and some of the parasitic forms, the general appearance of tlie 
larva is much the same in the great majority of the species. 
The tail-end is thick and blunt, bearing two chitinized patcdies 
marking the openings of the posterior spiracles : from the tail 
the body tapers towards the head, which is quite small, eyeless, 
and furnished with a pair of downward-curving hooklcts which 
serve as jaws. The adults are nearly all flower-flies, a few are 
predaceous, and there are a small number of species which suck 
blood. 

If we except the Fleas, Mosquitos, Sandflies, and perhaps 
some Midges, we may say that no Diptera appear to be 
nocturnal. Excepting the predators and blood-suckers, the 
adults frequent either flowers or filth. Hibernation apparently 
takes place most often in the larval or pupal condition, but 
sufficient information on this point has not yet been accumu- 
lated ; some Hies (e.g. Mosquitos) are known to hibernate as 
adults. 

Not much is known about the past liistory of Diptera, but 
from the study of insects preserved in amber it appears that 
the oldest forms are among the Nemocera, and that the Schizo- 
phora are of much more recent development. Now if we com- 
pare these two groups we shall see that development has largely 
taken the form of reduction, shortening, and simplification of 
parts ^rather than the production of new ones. This does not 
apply to the ptilinum, which is an organ not possessed by any 
of the Nemoceray but it does apply especially to the antennae, 
palpi, and venation. Figure 136 represents two antennae of 
Nemoceray two of Brachyceray and one of Aschiza and Schizo^ 

D D 
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phora. The possible course of development is clearly seen 
whereby a Nemocerous antenna might in course of time be 
modified into the compact three-jointed Muscid pattern (6). 
So also with the maxillary palpi (labial palpi are very rarely, 
if ever, present) ; those of the Nemocera generally have four 
joints, the Brachycera two or one, the Aschiza and Schizophora 
always one only. 

The question of venation is more complex; however, on 



Fig. 136. — Antonnro of Diptera. 

1. Cullcld. 2, SlnuiUW. 3. Tabanid. 4. Dollchopodld. 5. Syrphld. 6. Mii^cld. 
(After (k)mBtock and Sharp.) 


comparing the wings of the Nemoceray Brachyceray Aschizay 
and Schizophoray it is clear that the main characteristic of the 
Schizophora is the comparatively few veins in the hind^ part 
of the wing, and the closing up of the cells near the base (basals 
and anal). In the Nemocera the hind part of the wing has 
several veins, and the anal cell is large and open. In the 
Brachycera the anal cell shows signs of diminution, and may be 
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either narrowed at the margin or closed. In the Aschiza it is 
always closed, though often large, while in the Schizophora 
it is always closed and usually quite small. In this connection 
it should be pointed out that though what has just bet>n said 
is true on the whole, yet indications of this line of development 
by reduction of wing- veins can also be traced* in each of the 
four groups taken singly, more particularly among some of the 
smaller Nemocera and Brachyceray such as the Chirommiulwy 
some BibionidcCy and especially Simulium in the former, and 
in the latter some Stratmmjidce y CyriidWy DoUchopodidWy and 
especially Phoridce. The same tendency towards simplifi- 
cation is met with in the larva?. Speaking in a general way 
one may say that the oldest families of flies are those which 
have aquatic or semi-aquatic larva? with distinct head and eyes. 
Such larvae are the rule among Nemocera, Bibionid and 
Mycetophilid larvae, though not aquatic, cannot endure drought. 
The gall-making Cecidomyiidce, are a much specialized family 
whose larvae are in no way aquatic. 

In the Brachycera there are a good number of this aquatic 
or semi-aquatic type among the more primitive families 
(LeptidcVy Stratiomyidcey and Tahanidae)^ but most Brachy- 
cerous larvae (Asilidccy Therevidwy etc.) live on land, preying 
on such insects as are found in rather damp but not very wet 
places, such as rotting wood, bark, or in moss or earth. They 
are active with distinct heads, the eyes are present in some 
species and absent in others, and the antennae are not so well 
developed as in Nemocerous larvae. There also occur in this 
group a large number of parasitic larvae (Bombyliidai)y but 
these, at any rate in their later stages, are almost incapable 
of motion and have no distinct head, jaws, eyes, or antennae, 
though when newly hatched the larvae may be very active. 
Among the Aschiza y there is a considerable variety in the form 
and habits of the larvae ; they may be scavengers, vegetarians, 
predators, parasites, or commensals, and there are a small 
number which are aquatic (e.g. genus Eristalis in family 
8yrphi^m)y but in spite of this variety in their mode of life the 
head is never well developed, and the eyes and antennae are 
either absent altogether or extremely small, the general shape 
approaching that of a “maggot.” Much the same may be 
said of the larvae of Schizoph^ay but in this group there is less 
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variety of habit. In the section containing what are probably 
the older and less recently developed families (the “ acalyptrate 
muscoids ”), there are a few aquatic larvae (e.g. Ephydridce, 
Sciomyzidoe ) ; and of the rest very few, if any, are truly pre- 
daceous, and almost all feed on living plants, or are scavengers 
or parasites. Simplification of form has here been carried to 
an extreme, the head and sense organs being reduced to the 
lowest possible point. The probable reason of this extreme 
simplification lies in the shelter and protection which the larval 
habits ensure : living, as these larvae do, either inside plants, 




Fiq. 137. — ^Diagram of Hoad of Scatophaga stcrcorarkif showing main 
bristlos. Left figure — profile. Right figure — oblique plan. 

l. I’ost- vortical. 2. Vertical (inner). .‘1. Vertical (outer). 4. Post-orbital. 5. Ocellar. 
6. Pronto-orbltal. 7. (’ruciate. «. Frontal. 9. Oral vibris.sa‘. 


under dung and decaying matter, or as parasites in the bodies of 
insects and other animals, they have little need of any organs 
except those which enable them to breathe, eat, and digest ; 
all else has tended to degenerate and disappear, leaving as 
residue the typical maggot, a creature admirably adapted to 
succeed in its own simple way of life. e 

The head of a fly is as a rule spherical or hemispherical in 
shape, and may have bristles on the vertex, front, and cheeks, 
and round the oral margin. In some families the head, com- 
pared with the thorax, is small and gives the flies a hunch- 
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backed appearance. The eyes are often large and may occupy 
nearly all the surface of the head (e.g. PipunculUtv). In a 
few families the eyes have facets of two sizes, a characteristic 
though, usually confined to the males. The eyes of the males 
are frequently closer together (sometimes touching, when they 
are known as “ holoptic ”) than those of the females. This 
does not apply to the Acalyptratvc, where the eyes are “ dichop- 
tic ” in both sexes. Ocelli are usually present on the upper 
part of the front, between the compound eyes ; there are usually 


P* 



pbi ^ Uih- I 

Uu. 

Fio. 138. — Mouth-parts of Ghssina aubmormiam ( x 30) (slightly modified 
from Patton and Cragg). 

p. ~ palpi, l.ep. — labnim and pplpliarynx. lab. - labium, la. ■= lal>clla. 
hyp. -- hy|>oi)harynx. 


three, arranged in the form of a triangle : occasionally one may 
be absent, the two remaining being more widely separated and 
lying close to the eyes. 

The mouth-parts may include all the structures found in the 
simpler insects, but formed for piercing, lapping, or sucking, 
or ma^ have undergone a very extensive reduction. In the 
simpler types, as in the Nemocera, the labrum, with or without 
epipharynx, the maxillae with palps, the labium with hypo- 
pharynx but without palps are present : in the types such as 
Mvsca, Glossina, Stomoxys, there is a disappearance of man- 



406 


MANUAL OF ENTOMOLOGY 


dibles and maxillae, the epipharynx and h3^ophaiynx form 
the functional parts with the labium as a sheath and guide. 
In the latter the mouth-parts, if suctorial, depend on the 
conjunction of epipharynx and hypopharynx as a channel 
up which food is sucked, and the hypopharynx is usually the 
tubular piercing structure through which the secretion of the 
salivary gland is pumped into the host. 

In all forms which are not blood-sucking, the labium alone 
becomes dilated at the apex either into a short broad hairy 



f 

ICL. 

Fig. 139. — Mouth.parts of a Muscid. 
p. = palp, la, = labella. pt. = iwcudo-tracheae. lab, - labium. pr,l, = prelabrum. 

tongue, which functions as does that of a bee, or into two 
opposed lobes with a complicated series of channels kept open 
by chitinous rings which limit the size of the particles in 
the liquid passing along a channel. In such forms as Muscat 
the lobes at the apex of the mouth (the labella) act as squeezing 
organs (with a scraping action produced by teeth at the base 
of the lobes) and liquid passes along the channels to the centre, 
where it passes up the pharynx. 

In all forms, there is a pharynx with muscles which acts as a 
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sucking pharynx to draw fluid up from the food channel : in 
the case of a direct blood-sucker such as Cvkx, the blood is 
drawn straight in between the epipharynx and hypopharynx, 
which themselves are embedded in the tissue of the host. 

It is impossible in this place to give a structural account of 
the mouth-parts in detail : in the textbook of Patton and 
Cragg (1913) it occupies forty-seven pages with many plates, 
and this deals only with blood sucking species and Musca. 
For our purpose there are simple mouth-parts, blood-sucking 
or lapping, with most of the parts of the normal mouth ; there 
are greatly reduced piercing mouth-parts with practically only 


l.ep. 



Fig. 140. — Mouth- parts of Culex fatigana. (x 30.) (Modified from Patton 
and Cragg.) 

a. « aDtenna. e. — eye. c. -- dypeiw, l,ep. =» labruin and ejdpharynx. tml. =• raandlblea. 
mx. — maxillae, hyp. «= hypopharynx. lab. - labium, la. “ lalxslla. 

the epipharynx, hypopharynx, labium, and palps ; there are 
liquid-absorbing mouth-parts with mainly the developed 
labium, but sometimes also piercing parts ; and there is, for 
instance, the extraordinary combination (Pan^onia) of a long 
honey-lapping labium with short piercing organs. It may 
be noted that very little is known about the mouth-parts of 
Nemocera and Brachyceray except when these are blood- 
sucking. 

A word should be said here about the breathing arrangements 
of Dipterous larvae and pupae. The devices and structmes 
which they employ to obtain oxygen are extremely beautiful, 
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Sterna, * 

PterO‘ 

Fia. 141. — Pleural divisions of Syrphus (after Williston). 

Pro. — propleura. Mem. — lucsoplciira. Meta. = metapleura. Sterna. = aternopleura. 
rtero. = pteropleura. //j/pa. -- hypopleura. 


pneustic ; ’’ in many larvae, expecially in aquatic species, the 
posterior spiracles alone remain functional, and then the larvae 
are called “ metapneustic.” In these aquatic forms respiration 
is often carried on in part by gill-processes, generally situated 
at the tail end of the body. Some parasitic larvae ((Estridos) 
are able to live for long periods in the body of their victim 
without air. 

The thorax is very compact. Viewed from above, the feeso- 
notum alone is visible, covering the whole thorax, except in 
the Nemocera^ where usually a narrow pronotum can be seen. 
A “transverse suture ” runs across the mesonotum in front of 
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the point of attachment of the wings ; it is often incomplete 
in the middle. Another suture, behind the wings, also running 
transversely, cuts off a small portion of the me^onotum, the 
“scutellum.” In the Celyphidm the scutellum is enormously 
developed, so that it almost, or quite, covers the abdomen and 
wings. 

The wings spring from the sides of the mesonotum and their 
venation is one of the important features of classification. 



smvf 


Fkj. 142. — Wing of TabanuHt named afU'r VV^illiHton. 

cv = coBtal vein. 1-6 — Ist-Oth longitudinal veJiw. a auxiliary vrin. //, 1st basal cell. 
Bz — 2nd basal cell. D — dlscal cell. P\~Pb — 1st .'it h posterior cells, cc ^ cosnil cell, 

wc = Bub'costal cell, me = marginal cell, me stib-inarglnal cells. A anal cell. 
Ax ~ axillary cell. 


There are two systems of nomenclature of the venation of 
Dipterous wings, Comstock's and Williston's ; exhaustive 
details of these two systems will be found in the authors’ 
respective works, Wings of Insects and North American 
Diptera, We do not propose entering into a discussion on these 
systems, but in this connection see figs. 142 and 143. The 
posterior basal part of the wings is often cut into one, two, 
or three lobes, the ‘‘alula," “anti-squama," and “squama " 
respectively, the alula being the most distal of the three, and 
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the squama being proximal to the thorax. At rest, the anti- 
squama lies over the squama and both cover the “ halteres.” 
These last are homologous with the hind-wings of other 
insects and are borne on the metanotum. 

Each division of the thorax bears a pair of legs ventrally. 
Each leg is composed of a coxa, trochanter, femur, tibia, and 
five tarsi. The tibia may sometimes have a pre-apical bristle 
a little below the middle, and if it has one or more spines at the 
distal end it is said to be “ spurred.” 

The tarsus consists of five joints, the proximal one being the 
metatarsus. The fifth joint usually bears a pair of claws 



(ungues), under each of which is often a pad-like structure, the 
pulvillus. Between these may be a median structure, the 
empodium. 

This is, as a rule, bristle-like, but is occasionally in the form 
of a pad, in which case it is said to be pulvilliform. 

The abdomen consists of from nine segments (in some 
Tipulidse) down to five (in some of the Galyptraice), rarely 
four. The genitalia of the males are known collectively as the 
hypopygium. In some families they are very prominent, and 
are useful in classification. The ovipositor of the females is usu- 
ally hidden, but in some cases projects ; a few are very long. 
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The alimentary canal consists of the pharynx, (esophagus, 
and the characteristic “ proventriculus ” or sucking stomach. 
Behind is the true stomach, into the posterior end of which 
enter the Malpighian tubules, usually four, rarely five, in 
number, which sometimes unite into one or two ducts leading 
into the intestine. 

In the nervous system there is a ventral chain of ganglia, 
three thoracic and six abdominal, as found in the more primi- 
tive forms. As one passes towards the Calyptratfv one finds a 



]. Part of Fore- log of 
tSapromyza pramsta, 

T tibia. VB ~ prc-aplcal bristle. 
MT metatarsus. 


Fig. 144. 

II. L<wt Tarsal Joint of 
Comps sp. 

V ~ pulvlllufl, Em =» empodluin 
C claw. 



tendency for the ganglia to fuse up and in the later families 
but one ganglion is found. 

The two tracheal trunks of the respiratory system expand 
at the base of the abdomen into bladder-like expansions. 

The reproductive organs of the female consist of a large 
number of egg-tubes, three spermathecae and a pair of accessory 
organs. The males possess a pair of testes, with short vasa 
deferentia and a well-developed penis and accessory organs. 

fhe sense organs of flies are, with the exception of the halteres, 
located in the head. The eyes as a rule are well developed 
and adapted to appreciate movement. The predaceous flies 
catch their "prey on the wing, and Kelly (1914) has given 
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an account of some species of Sarcophaga which endeavour to 
lay their young on grasshoppers as the latter pass through the 
air — though they are liable to larviposit indiscriminately on 
any small thing moving through the air, either other insects 
or balls of paper. 

The sense of smell is located in the antennae and palps and 
is better developed in Diptera than in the other orders. The 
sensory apparatus consists essentially of a hypodermal cell, a 
thin- walled chitinous process and a nerve fibre. These processes 
occur in different forms. In the Ne'tmcera they occur singly 
or in small groups in all the joints of the antennae and the 
palps, but in the Brachycera they are not found on the first 
two joints of the antennae, and in the Cyclorrhapha they occur 
on the third joint alone. Groups of relatively few sensory 
processes are often situated in pits, especially in the Gyclor- 
rhapJia. The Syrphidm show in addition a very large pit con- 
taining a great number of processes packed tightly together. 
Such a pit may occupy nearly the whole of the interior of the 
flagellum (K. M. Smith, 1919). The olfactory sense relation- 
ships of flies, to their food, to their breeding-places, and to each 
other, offers a wide field for research, and at present very little 
is known about them. Some flies are strongly attracted by 
specific substances, as Hewlett (1912 and 1915) showed with 
regard to species of DacuSy the males being attracted to iso- 
eugenol, methyl-eugenol, or both, according to species. The 
males of the Mediterranean fruit-fly, Ceratitis capitata, are also 
attracted strongly by kerosene. Much work has been done 
on the chemotropic responses of the house-fly : 0. Lodge (Proc. 
Zoo. Soc. Londoriy 1916), etc. Imms and Husain (1920) give 
an account of the relationships between various chemical 
' substances and their attractions for flies. 

Metamorphosis in Diptera is complete. The larvae are quite 
unlike the adult in every way. They are uniformly legless, 
though they may have processes on the segments to aid in 
locomotion. 

The pupae are obtect in most of the Orthorrhapha, coarctate 
in the remainder and in the Cyclorrhapha. ^ 

The larval and pupal period are relatively short, compared 
with other orders, a few days often being sufficient for develop- 
ment from egg to imago. 
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Flies must be fertilized before they can give rise to young. 
The exception to this is where pgedogenesis occurs in Cecido- 
myiidce : and Wasmann has stated that the tennitophilous 
Phorid Termitoxenia is parthenogenetic. Eggs are coiunionly 
laid by flies, but there are many exceptions. The (Ulossin iuw and 
larviparous Pupipara lay full-grown larvic which j)upate 
almost at once. 

Flies are well represented all over the globe, but more 
especially in tropical regions where it is not too dry. In spite 
of their ubiquity they have to contend with numerous dang(*rs. 



I II 

Fig. 145. — (I) Pupa of Anophrhs. (x 15.) {.Vft<*r Patton and (Vagf?, witli 
slight alterations.) (II) Puparium of A/amx dowr/jeVa. ( x 0.) 

Large numbers are parasitized in their larval stages by ( -halcids, 
and also by members of a Dipterous family, the Tachinida^ 
The adults fall a prey to the numerous forms of predaceous 
insects, to which may be added spiders and insectivorous 
vertebrates ; the larvae, aquatic as well as terrestrial, are the 
favourite food of many predators. On the other hand, they 
ha\ip become very adaptable, and cope better with the changes 
of natural conditions than the majority of the groups of 
insects. 

The economic importance of flies rests mainly with the 
medical aspect. Of late years they have been shown to 
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convey in one way or another various diseases, and in some 
cases themselves are parasites in man or his stock. In a lesser 
degree they cause harm to cultivated vegetable products, 
members of the Cecidomyiidce and Trypetidce in particular doing 
widespread damage. 

We are indebted to the late F. M. Hewlett in his introduc- 
tion to Diptera in Indian Insect Life for the sections on the 
Main Divisions of Diptera, the Life-histories in general, and 
the Past History and Development, which sections have here 
been quoted at length unaltered. 


Classificatioi^. 


The classification adopted is as follows : — 


I. 

Orthorrhapha 



A. Nemocera 

, 13 families. 


B. Brachycera 

. 16 „ 

II. 

Cyclorrhapha 



A. Aschiza 

B. Schizophora : 

3 „ 


(1) Acalyptraice . 

. 19 „ 


(2) Calyptraice , 

6 „ 


0. Pupipara 

4 „ 


Note. — In describing the various families, use has been 
made of slightly vague terms when referring to size. 
Musca domestica has been taken as being a medium-sized 
'fly, and the other expressions are relative to this. The 
minutest flies belong to the Cecidomyiidce, the smallest being 
about one-fiftieth of an inch ; and all gradations are found 
up to the largest forms, about two inches long. 

General Textbooks, — D. Sharp, Insects, vol. II, Camh. Nat, 
Hist, (1899). Williston, North American Diptera (1908). 
Hewlett, Diptera, Indian Insect Life (1909). Patton and Gragg, 
Textbook of Medical Entomology (1913). 
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Sub-Order I. ORTHORRHAPHA 

Flies which emerge through a longitudinal slit in the back 
of the thorax of the pupa. 

(a) NEMOCERA 

Antennae with six or more joints ; palps rarely less than 
four- or five-jointed ; R2» R3 separate, R4 and Rs fused ; 

larvae eucephalous with opposed mandibles. 

TiPULIDiE. 

Crane-flies, Daddy-long-legs. 

The mesonotum with a V-shaped suture. The costal vein 
runs round the wing. Discal cell present. Antennae six to 
thirty -nine joints. Palpi four to five joints. 

This family is widely distributed over the world. In size 
the flies are fairly small to large, slender and brownish in 
colour, with long, fragile legs. The sexes are easily distin- 
guished by the shape of the abdomen, which in the female has 
a pointed ovipositor, and in the male is terminated by a pair 
of large, blunt clasping organs. 

Crane-flies may be seen in the summer time flying about in 
a seemingly aimless manner 
over grassland, marshes 
and low-lying meadows and 
woodland. As soon as they 
issue from the pupa the 
flies are ready to mate, 
and a single female may lay 
upwards of 200 hard, seed-like eggs, pushing the ovipositor 
well into the ground for the purpose. The larvae, commonly 
known as “ leather-jackets,” hatch in from seven to fifteen 
days (Rennie, 1917 and 1918). The integument is tough and 
leathery, and of a greyish or brownish colour. The number 
of s^ments is eleven to twelve, and the tracheal system 
metapneustic. The larvae may be found in soil, decomposing 
woody matter, under bark and in water ; but a few species 
live above ground, eating the leafage of grasses and herbaceous 
plants. A small group, the Gylindroiomini, including six 
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species, are remarkable for the fact that the larvae are green 
and live on the green parts of Bryophytes and flowering plants 
(Cameron, 1918). Dictanomyia foliocMnicutor is a small form, 
little more than one-sixth of an inch long, whose larva mines 
the leaves of species of Cyrtandra in Hawaii. Pupation takes 
place in the mine (Swezey, 1915). One species breeds commonly 
under glass in England. Hibernation takes place in the larval 
stage, and pupation occurs in the spring. The pupae develop 
transverse rows of bristles, which enable them to wriggle 
through the soil. There may be one or two broods a year. 
In the larval stage, Tipulids are of some economic importance, 
mainly in temperate regions, as they devour all kinds of roots, 
and attack indiscriminately grass and all sorts of cereals, 
turnips, mangolds, clover, peas, beans, cabbages and the 
decorative plants of gardens ; in the aggregate pasture lands 
seem to suffer most, and especially the fine grasses of golf 
putting greens. The offenders belong chiefly to the genus 
Tipula {T, oleracea^ T. paludosa^ etc.) — also Pachjrhim, 

Birds are important checks on the crane-fly, particularly 
starlings, rooks and ravens. Moles also have a great taste for 
them. Parasites belonging to the family Tachinidce have been 
recorded from some species — Admoniia arnica (Bezzi and 
Stein), Bucentes geniculata from T. oleracea and T, paludosa^ 
and Siphona crisiata from T, gigantea (Rennie and Sutherland). 
Four species of Empusa have also been reported (F. Picard). 

Control of leather-jackets depends much upon local cir- 
cumstances ; where it can be used, naphthalene at two or 
three hundredweight per acre is a good preventive. For 
gardens and golf greens naphthalene and powdered soap, 
watered in, is a specific cure. 


PSYCHODID^E. 

Moth-flies, Owl-midges, Sand-flies. 

Wings with ten longitudinal veins ; no cross -veins except 
at the base. Wings hairy and in a few forms with scales also. 

These flies occur in all countries of the world. In size they 
ore small to minute, with hairy wings, giving them a dull 
grey or brown moth-like appearance. The mouth-parts are 



DIPTERA 


417 


usually short, but in the genus Phlebotmins tliey are longer 
and rigid. The genitalia of the males are long and prominent, 
having a large pair of clasping organs, which is a ready means 
of identifying the sexes. The flies live in shady })laees 
and lay their eggs in decaying vegetation, dung, water, or in 
damp, stony situations. Psychoda is a common aquatic form, 
the larva living in algaa in still ponds ; others live wh(a‘e 
water drips, feeding on the alga'.. 

Theii* economic importance is confined to the gc'iuis 
Phkboiomns, on account of its blood-sucking propensitic's. 
Flies of this genus are not found in the cooler elimaU's, hut 
are otherwise freely distributed throughout Southern Furopc*, 
the Mediterranean coast. North, East, and \V('st Africa, 
Arabia, India and South America. They are known to he the 
vectors of Pappataci fever (also called three-day f('V(‘r, sand- 
fly fever, etc.), in which three species are at presiuit known 
to be concerned, P. papatam, Scop. ; P. min ulus ^ Rond. ; and 
P. pernicioms, Newst. Dengue may also be transmittcnl. P. 
minuins ia also responsible for “ Oriental sore ” (Sergent and 
others, Paris, 1915). C. H. T. Townsend (Wash., 1915) 
claims P, verruoarum as the carrier of verruga in Peru. In 
the last two cases the flies are known to feed on lizards and 
other reptiles, which are regarded as the reservoir for the causal 
agents of those diseases. 

The eggs of PhlebotomuH are laid under damp stones, and in 
the cracks of masonry, walls, caves, etc., and hatch in six to 
nine days. The larvae bear two pairs of long, caudal bristles 
and feed on the excreta of lizards, bats, wood lice and insects, 
and live about eight weeks. Pupation lasts about a fortnight. 
Both larvae and adults shun the bright daylight and seek dark 
or shady habitats. They fly about during the dark hours if 
the air is still, but never far from their hiding-places, which 
they seek at once if any wind arises. Both sexes will suck 
up the juices of moist organic detritus, but tlie females alone 
suck blood. 

Owing to the small size of these pests and the difficulty of 
locating their breeding-places, which may cover wide areas, 
control is a matter of considerable difficulty. Defensive 
measures against the adult seem to be the best that can be 
done at present. 

SB 
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Two parasites are at present known, one a species of Herpeto-* 
monas found by Mackie in India ; and a fungus, Empusa 
papatasii, found by Marett in Malta. 

R. Newstead, ‘‘The Pappataci Plies of the Maltese Islands,” 
Bull, of Ent. Res. (1911). 

Larrousse : ^iude Systermiique et Medicale des Pklebotomes 
(1921). 


Dixid^. 

Proboscis projecting. Eyes round. Coxae somewhat 
elongated. arises from near the middle of the wing ; 
the radio-medial cross-vein close to the branching of R2 and 

R4 -j- 5. 

These flies are smallish, having a general resemblance to 
mosquitos, from which, however, they differ in the wing 
venation, and in bearing no scales. The larvae are aquatic, 
living at the edges of still or slowly running water, and are 
like those of the mosquitos. The adults frequent damp and 
sheltered places and have been seen dancing in swarms. The 
sexes may be distinguished by the termination of the abdomen, 
which in the females is pointed, in the males broad. 

This is a very small family, having a single genus Dixa^ 
containing rather more than twenty species. 

They are of no known economic importance. 


CULICIDiE. 


Mosquitos, Gnats. 

Scales at least on the posterior margin of the wings, usually 
on the wings and body as well. Well -developed proboscis 
and palps. Antennae long, in the male plumose. Eyes 
reniform. 

Mosquitos are to be found in all parts of the world. cThey 
are active in damp, warm weather, but chiefly during the dark 
hours and in the shade of woods and forests. Either cold or 
dr}mess adversely affects their activity. Their food consists 
of plant-juices, for which their mouth-parts are prominent 
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and rigid, and formed for sucking. A large number of species 
habitually suck blood for food, a custom confined to the 
females, which may be thereby identified as such. The 
plumosity of the male antennfe is a further sex distinction. 

Their eggs are laid on or near the surface of water, either 
singly (Ariopheks, Stegomyia, Ahhs) or in raft-like masses 
(CuUx). The number laid may vary from about 40 (A. 
rmculipennis) to 400 or so (C. pipiens). The eggs of Anophdes, 
etc., are provided with air chambers, enabling them to float 
on the surface. The larvae of all forms in this family are, so 
far as is known, aquatic. 

They have a distinct head 
with well-developed jaws, 
some being vegetable 
feeders and others preda- 
ceous even to cannibal- 
ism. The larvae breathe 
through a pair of orifices 
on the dorsum of the 
eighth abdominal segment 
which are surrounded by 
a fringe of hairs in the 
sub-family Anophelinw, 
while in the Culicum there 
is a projecting tube in 
addition, which struc- 
ture serves to identify the 
sub-family to which the Fig. 147.— Larva of rWfX sp. (X 0.) 
larva belongs. A further 

distinction is found in the breathing position on the surface : 
the Anophelines hang parallel to the surface, attached by tufts 
of hairs along their backs, but the Culicines hang at an angle, 
suspended only by the circlet of hairs at the apex of the respi- 
ratory tube. Breathing may also take place through tracheal 
gills round the anus, but this is insufficient to maintain life by 
itself.* The larvae of the genus Mansonia have the curious habit 
of boring their siphons into the stems of water plants, from 
which they obtain their oxygen (Wesemberg-Lund, 1918). 

The larva moults four times during its life, which is very 
variable in length. The pupa is also aquatic and is capable 
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of active movements. In the pupa, abdominal respiration is 
replaced by a pair of trumpets, attached to the thoracic seg- 
ment. In appearance the pupa is comma-shaped, and is 
suspended from the surface by hairs on the first abdominal 
segment. The length of the pupal stage is two or three days, 
which may be prolonged by cold temperature. When the 
adult is about to come out, the pupa straightens out along the 
surface of the water, and the imago emerges through a crack 
along the dorsal surface of the pupal skin. 

In colder climates, hibernation takes place in both larval 
and adult stages. In tropical countries, adults remain 
quiescent during the dry season (aestivation). 

The Cnlicidce form an extremely important economic group. 
Since 1878, when Manson discovered that the transmission 
of Filariasis was due to mosquitos, they have been shown also 
to convey malaria, yellow fever and dengue ; K. Deszimirovics 
(1917) also reports that epidemic jaundice is spread by them. 
Hence the bionomics of Mosquitos and control measures 
against them, have been subjects of a vast amount of research 
and literature. The general measures adopted against these 
pests may be summarized as under : — 

A. Destruction of larvae. 

(1) By draining marshy land. 

(2) By covering the surface of the water with some substance 
which prevents respiration, such as cork-dust, duckweed, or 
some sort of oil. The first has been used in wells with success, 
the second in ponds. Oiling is probably the most important 
of these for large sheets of water and temporary pools. It 
has been shown that paraffin oil containing 1 per cent, of castor 
oil {-preads over a very much larger area (25 times) than 
paraffin alone and moreover the film does not break so 
readily (W. N. Leak, 1921). 

According to Caballero (1922), species of the alga Chara 
excrete a substance which is fatal to mosquito larvae. After 
examining a large number of likely breeding-places, this author 
found no larvae whatever in places (upwards of 300) fWhere 
Chara species were present, but abundance of them where this 
alga was absent. This is not confirmed. 

(3) Natural enemies. Many predaceous aquatic animals are 
known to attack the larvae. These include fish, the larvae of 
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dragon-flies, water-beetles and water-bugs, tadpoles, frogs, 
and newts. Some of the carnivorous mosquito larvic also 
attack their relations. 

Of these', small fish of many species seem to promise most. 
They have been introduced with success into Madagascar 
and Zanzibar, and are used with great effect in tlio drinking- 
wells of Gambia (Kennedy, 1913). Where fish are employed 
the water should be kept free from weeds. 

B. Defensive measures against the adult. These include : 

(1) The destruction near habitations of bushes, scrub, etc., 
which are used by the flies for shelter. 

(2) The screening of dwellings. 

Various animals attack mosquitos, including birds of various 
kinds, bats, spiders, dragon-flies, some species of Ceratopogon, 
and so on. Trematodes and fungi have been found parasitizing 
the larvsD. 

Quinine prophylaxis is very important in the control of such 
diseases as malaria, and should be practised by all sojourning 
in malarial regions, as this tends to diminish the reservoirs 
of the malarial parasite, 

G. Giles (1902); Theobald, Monograph of the CulicuUe of 
the World (1901-1910), and Gen. Ins.^ Ease. 26 (1905) ; 
Patton and Gragg, Medical Entomology (1913) ; E. Kindle 
(1914) ; Prince and Orenstein, Mosquito Control in Panama 
(1915). 


Chironomid/i:. 

Midges. 

Proboscis short ; male antennae plumose ; the costal vein 
extending only to the tip of the wing. 

These small flies are often seen in swarms on still evenings. 
Many of them are blood-sucking and have an irritating “ bite.” 
They may be distinguished from mosquitos by their smaller 
size, the fact that the costa reaches only the tip of the wing, 
by the absence of scales, and by their habit of resting with 
their fore-legs raised. 

Their eggs are laid in decaying vegetable matter, behind 
bark, in water. The Ceraiopogonince lay them in small clusters 
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on aquatic objects, while the Tanypince and Chironomince 
lay them embedded in long strips of jelly. 

Most of the larvae are aquatic, have their tracheal 
system closed and in some cases rudimentary. There are 
blood gills on the apical abdominal segments of Chironomus. 
Some species of this genus are red (“ blood- worms ”), the 
colour being due to haemoglobin, and such forms have been 
found at a depth of 1,000 feet in Lake Superior. They have 

a bunch of hooks under the 
head and a paired, hook-like 
process at the apex of the ab- 
domen. There are other forms 
which contain a green pig- 
ment. Some live in the stems 
of water plants, and others 
make tubes or cases of material 
like silk. They are amongst 
the commonest of aquatic in- 
sects. 

The small green larvaj of 
Orthochdius vernalis have 
lately been seen attacking 
the roots of saxifrage in large 
numbers. Seedlings of Cam- 
panula colorata were also at- 
tacked by them, in this case 
above ground, both stems and 
cotyledons being bitten. The 
full-grown larvfe are olive 
green, and 5 mm. long by 0*4 
mm. broad. The pupal stage 
was two to three days at the beginning of April (1922), and 
all imagines were female (Fox-Wilson). 

The pupae as well as the larvae are active and breathe through 
tracheal gills. Grimm (1871) has described a very interesting 
form of parthenogenesis in the spring generation of one species, 
in which the pupa deposits eggs a short time before becoming 
an imago. 

Up to now the midges have not been proved to convey disease, 
but at present they are suspect in at least three cases, viz. : 



(X 6.) 
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(1) Leishmaniasis in the Amazon basin (E. L. Walker, N. 
Orleans, 1917); (2) horse-sickness in the Belgian Congo (van 
Saceghem, Paris, 1918) ; and (3) a fever especially prevalent 
amongst children in Korea (S. Kinoshita, Tokyo, 1918). 

J. J. Kieffer, Qen. Ins., Ease. 42 (1906). 


CeCIDOMYIID/E. 

Gall-gnats. 

Antennae long ; legs long and slender ; tibiae without spurs ; 
coxae short ; wings hairy, few longitudinal veins, no cross- 
veins. 


These form an extensive family of mimite and delicate 
flies and are widely distributed. The antenme are i)rovi(led 
with whorls of hair, which arc often more 


bushy in the males. 

The larvae are remarkable in having 
fourteen segments and for the possession, 
in many species, of a sternal spatula or 
“ breast-bone ” projecting from the first 
thoracic segment. A further fact of great 
interest is the occurrence of paedogenesis 
in two genera, Miastor and Oligarces. 
A larva, instead of maturing normally 
and pupating, produces a number of 
young maggots, and this form of repro- 
duction may be carried on through 
successive generations during autumn, 
winter, and spring (Meinert, 1874). The 
larvae are plant-feeders, some forms alter- 
nating between two different plants, e.g. 
C. sisymbii on barberry and nasturtium 



Fl(}. 149. — Larva of 
Danyurura r fiodo • 
phaya. ( X 25.) 

(Afkr Sasscer and Borden.) 

Although a few 


live^ on the stems of plants, like Mayetiola destructor, the 
Hessian fly, the majority get inside, and produce galls, while 


some species live as inquilines in such galls. One recently 


discovered form makes a gall on Hypochnus, a bark-encrusting 
fungus (Edwards, Ent. Mo, Mag., 1922). 
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A few live on the dejecta of the larvae of other insects, and 
of cattle and birds. 

The family shows a wide variety of habit and bo we find 
that they feed on animals in different ways. They may prey 
on Aphids, Psyllids, Coccids, mites, and probably also small 
beetles. As an enemy of Aphids, J. J. Davis (1916) considers 
the larvae of Aphidoletes meridionalis to be extremely 
important. A few are known as parasites, such as Endaphis 
perfidns in Aphis platanoides, and Endopsylla agilis in Tingis 
pyri. 

Economically, the family presents a few important forms. 

Mayetiola destructor, the Hessian fly, attacks cereals and 
grasses. The fly lays eggs in the grooves of the upper surface 
of the leaf of wheat, barley or rye. They are about 2 mm. 
long, cigar-shaped and pinkish. Within a week or so they 
hatch and the larvae descend within the sheathing base of the 
leaf, where they remain till full grown. They then pupate, 
exuding some substance which turns brown and hardens, 
giving them the appearance of flax-seeds, and in this state 
they pass the winter. In England there is one brood — in 
America, two. 

Contarinia pyrivora is a destructive pest on pears in Europe 
and North America. It lays eggs in the flowers, and the larvae 
bore into the young fruit, which does not develop properly 
and drops off. The larvae pupate in the soil and so remain 
until the following spring, when the adults emerge. The 
remedies suggested are to burn all damaged fruit, and to 
cultivate the ground round the trees, about July, with caustic 
lime. One parasite is recorded, Inostemma pyricola. 

Perrisia pyri is another form which attacks pear trees in 
the northern hemisphere. Known as the “ leaf-curling midge,” 
it appears in the spring about May, a small, dark brown fly, 
about -f.y inch long. It lays its eggs on the young leaves, which 
later roll up on one or both sides lengthwise. Small white 
maggots may be seen when the rolls are unfurled. When 
mature, the larvae leave their shelter and pupate in, the 
ground. 

The midges from these pupae emerge about August, there 
being two broods in the year in this country. 

The best remedy appears to be to spread some soil insecticide 
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on the soil beneath the trees about mulsuiumer, to kill the 
larvae. 

Contarinia tritici, the wheat-midge, is also troublesome at 
times. Good cultivation seems to be the best one can do 
against cereal pests such as these. 

Several species of Chalcids are known to parasitize these 
flies. 

Miall and Hammond, The Harlequin Fly (1900); J. J. 
Kieffer, Monograph of the Cecuhmyiidm (1900) ; J. J. KiefTer, 
Genera Insectorum. 152 (1913). 

Also of economic inportance are : Cecidomyia, Dvploms, 
Dasyneura, Lasioptera, and Oligotrophes. 


MYCETormi.iD.E. 


Fungus-gnats. 

Coxae elongate ; antennae long ; tibiae spurred ; no cross - 
vein between median and discal cells. 

This family contains a large number of spc'cies and is frec'ly 
distributed over the globe. The flies are small, delicate, and 
slender, are found in damp, shady situations and may be 
quickly identified by the elongate coxae. The males may bo 
distinguished by the rather prominent clasping organs, while 
the extremity of the abdomen in the female is pointed. 

Eggs are laid in fungi, decaying wood, and other vegetable 
material in damp situations. The larvae are white and ratlier 
transparent, and are peripneustic. Many larvae spin webs, or 
secrete mucus, and some species of Sciara form themselvc^s 
into immense ribbons by means of this mucus, the whole 
apparently being a migrating procession, though for what 
pmpose is not known. The larvae present many other 
peculiarities. A species of Mycetophila makes over itself a 
roof of excrement, laid on spirally, so that it has somewhat 
the appearance of a mollusc. In New Zealand Bolitophila 
is luminous, as is also a species of Geroplaius in Australia. 

Many genera and species occur in amber. 

The fungus-gnats are of some economic importance, in so 
far as they attack artificially reared mushrooms. 
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Sciara prcccox is a pest on mushrooms in this country. 
C. B. Symes (1921) gives an account of it, of which the following 
is an abstract : — 

The eggs are laid sometimes singly, sometimes in batches or 
strings of nine to twelve, at the base or the top of the pileus, 
or between the gills. The total number of eggs laid by a female 
is thirty to thirty-five. In favourable temperatures they hatch 
in five to six days. The larval period depends much on the 
temperature, but may be seventeen to twenty-four days, 
during which there are three moults. They pupate either in 
the mushroom or in the soil near the surface. The pupal 
period is from five to eleven days and the adults start pairing 
twenty-four hours after emergence. The whole cycle lasts 
from four to six weeks, and there are four broods in the year, 

The adults may be seen running about over the mushroom 
beds, rarely flying. They do considerable damage, chiefly in 
the third and fourth generations. The damage is often 
followed by attacks of Tyroglyphidw, of a springtail, Achorutes 
armatus, and of a parasitic fungus of the genus Hypomyces 
and of bacteria. 

C. A. Johannson, Gen. Ins., Ease. 93 (1909). 


BiBIONIDiE. 

Antennae of nine to twelve short, thick joints ; eyes of male 
holoptic, or nearly so ; no discal cell, but median cell usually 
complete ; coxae short ; front femora thick and front tibiae 
spinose. 

Small to moderately large flies, the flight of which is not 
very strong. The eyes of the males are divided transversely, 
the facets of the lower portions being larger than those of the 
upper ones. 

The family is a widely distributed one. The larvae are found 
commonly in decaying vegetable matter, and in the soil. They 
are usually dark-coloured, leathery and with a weU-deve*^loped 
head. 

H. B. Morris (1917) gives some account of Bibio johannis, 
the larvae of which are found in pasture land, among the roots 
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of grasses. They feed on soil and organic matter. Tlie eggs, 
under laboratory conditions, took forty-eight days to hatch. 
The first instar has long seta? on each segment, and a single 
pair of spiracles on the last segment, there being twelve 
segments altogether, plus the head. After 
nineteen days, it moulted. The second in- 
star has blunt processes on each segment 
in place of the bristles, and there are two 
more pairs of spiracles, on the first and 
tenth segments respectively. The last in- 
star has a well-developed head and man- 
dibles and ten pairs of spiracles. It 
pupates in a cell in the soil. The pupa is 
from 7 to 8 mm. long and bears on the last 
segment a pair of stout processes and also 
a pair of spiracles on all segments exce})t 
the eighth. It is recorded as attacking 
larch seedlings and hop roots. 

Several species are mentioned as being of 
economic importance, damaging the roots 
of oats, grass, lettuces, seedling cabbages, 
young flower plants, tomatoes, ash seed- 
lings, sugar beet, spring barley and celery. 

Sudeikin (1913) records Bibio horiulanus as attacking the 
roots of wheat very severely. 



SiMULlIDiE. 


Buffalo-gnats. 

Antennse short, ten to eleven joints ; no ocelli ; eyes in the 
male holoptic ; anterior veins well marked, posterior ones 
weak. 

The flies of this family are grouped in one genus, Simulium, 
and^are to be found all over the world. They are small and 
like the Bibionidce, have both large and small facets to their 
eyes. The females are blood-sucking and are recognizable 
by the space between the eyes. 

The eggs, laid under water, are attached to stones and 
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plants of quick-running streams. In from three to twelve 
days they hatch and the larvae attach themselves to stones 
by means of an anal sucker and breathe through three anal 
gills. They spin threads across the stream and move along 
these. They feed on minute organisms which are wafted 
into the mouth by a pair of brush-like appendages situated 
close to the antennae. The larvae live about two or three 
weeks and then proceed to spin a cocoon, assisted by a spiny 
proleg on the venter of the first thoracic segment. The 
cocoon is tied by threads to various objects and, once firmly 
established, the naked and free pupa lies in the open end and 
breathes the air in the water through two bunches of long, 
slender filaments. The imago escapes under water and rises 
to the surface in a bubble of air. Being blood-sucking creatures, 
the female gnats must be suspect of conveying disease until 
proved otherwise. At present they are suspected in South 
America of conveying Leishmaniasis. However this may be, 
they are sometimes an intolerable nuisance to cattle when they 
bite in large numbers. In America cattle have been driven 
mad by their persecution, and deaths among the herds are not 
uncommon. — Coal-tar and fish oils have been used as repellents 
with some success. They have also been reported as a nuisance 
to poultry near Cape Town (C. Fuller, 1913). 

J. Wilhelm, Die Kriegelmucken, Jena (1920). 


Blepharocerid^. 

Wings with creases, having the appearance of a secondary 
venation. No discal cell. Thorax with incomplete suture. 

Small, gnat-like flies, having a long pair of hind-legs, and 
like the two previous families, having the facets of the eyes 
differentiated in upper and lower portions. The wings are 
broad and have a netted and iridescent appearance. The 
mouth-parts are elongate and the females have long saw-like 
mandibles. The extremity of the abdomen is broad in^the 
males and pointed in the females. 

Eggs are laid on wet stones by shallow, fast-running streams. 
The larva lies flat in the water, attached to a stone by six 
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ventral suckers. The food is mostly diatoms. The pupa^ 
are attached in a similar manner ; when emerging, the fly makes 
its way out through a crack in the dorsum of the pupal skin 
and rises to the surface, clinging with its long hind-legs to the 
skin of the pupa. Then, the body of the fly being above the 
surface of the water, it expands its wings and flies away. 

This is a remarkable and very specialized way of emerging 
and if the water be a little too deep, the imago is doomed to 
death. In the circumstances, it is restricted to very local 
habitats, but is found sparingly in S. Europe, N. America, 
W. Indies, Mexico, Brazil, Ceylon, India, dapan, Australia, 
and New Zealand. 

The adult females are predaceous, mostly on Chiroriomidie. 
The males are flower-feeders. 

Kellogg, Oen. Ins,, Ease. 56 (1907). 


DeUTEROPH LEIUIDyE. 

The above m a family erected by F. W. Edwards (1922) upon 
two males of the same species, Denterophkbia mirabilis. The 
following are the characters given of this remarkable insect 
(Alin, and Mag. of N.H., April, 1922) : 

Head hidden beneath projecting mesonotum ; antennae six- 
segmented, the first five joints relatively small, the sixth joint 
several times longer than the body ; mouth-parts absent ; 
no ocelli ; tarsi with large empodia and a single claw ; tibial 
spurs absent ; wings large, covered densely with fine hairs ; 
true veins almost absent, but an elaborate fan-like development 
of secondary folds present. 

The insects from which the above description was made 
were found floating on the edge of Lake Gungabal, near 
Srinagar, Kashmir, 11,700 feet above sea-level. 

Their colour is a dull black and they have a well-developed 
hypopygium. In the general shape of the body and wings 
thej^resemble the Blepharoceridm ; the secondary venation ” 
is also common to both, though in D. mirabilis it is on a plan 
entirely different from the Blepharocerids. 
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ORPHNErHILID^. 

Antennae short, consisting of two joints and an arista, the 
second joint and arista being composed of ten to eleven 
segments, the last terminating in a bristle. No ocelli and no 
discal cell. 

These are rare flies, but have a wide distribution. They are 
small and bare and are found on the banks of streams. Little 
is known of their life-history, and they appear to have no 
economic significance. 


ItHYPHIDiE. 

Discal cell present ; empodia pulvilliform ; pulvilli 
rudimentary or absent. No transverse suture on thorax. 

The Rhyphuhe have a wide distribution and have the general 
appearance of small crane-flies. They arc fond of shady 
places. 

The larvae are amphipncustic and are found in rotten 
fruit, manure and decayed wood, but they are mostly aquatic. 


(/>) BRACHYCERA 

Antennae variable, from many -jointed to two or three simple 
joints ; palps two- or one -jointed ; discal cell nearly always 
present ; Rj, R4, R# separate, Ra and R3 fused ; larvae with 
vertically moving mandibles and with retractile head (except 
in Stratiomyidae and some Leptidae). 

Leptid^. 

Empodia pulvilliform ; pulvilli present ; at least posterior 
tibiae with spurs. 

Flies of moderate size, with wide heads and large eyes. 
The space between the eyes is greater in the females than the 
males. 

Eggs are laid in damp and shady localities. Atherix females 
mass together and lay their eggs in a solid lump on plants 
overhanging water, and there die. The larvae are predaceous, 
living in wood under bark or in the earth. Some species of 
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the genera Vermileo and Lamproinyia make a pit in dry sand 
and catch their prey like an ant-lion. The })iipie are free. 

A few forms are known to suck blood oeeasionally, hut it 
is not common, and they do not appear to have any economic 
importance. 


StrattomyiD/K. 

Third joint of antennae annulated. Palpi two -jointed. 
Tibiae without spurs. Costal vein never further than tip of 
wing ; discal cell present ; empodia pulvilliform. 

This is a large family with a wide distrihution. Th(‘ Hies are 
fairly small to fairly large, either hare or thinly j)il()se, nev(T 
with bristles. The wings are 
long and narrow, the discal 
cell being at once an obvious 
feature in the venation. The 
eyes of the male are closer 
together than are those of the 

females. J ,.J — Win^ of Snrfjus flaripvs. 

Eggs are laid in or near water, 
in the ground, or in vegetable 

refuse. The larva? are carnivorous or herbivorous. Th(' |)upa' 
are enclosed in the larval skin and are inactive. The beautiful 
larva of Stratiornys chameleon has been well described by the 
great naturalists Swammerdam and Reaumur, and figured by 
the former. 

They are of no economic importance. 

Verrall (1909) has monographed the Bi'itish species. 



Tabanid^e. 

Gad-flies, horse-flies, breeze-flies, clegs. 

Antennae three -jointed, the last joint pointed and composed 
of foyr to eight annuli ; eyes large and broad, holoptic in 
the male ; squamae well developed ; empodia pulvilliform ; 
R4 and R5 separate. 

This is an extensive family of about 3,000 known species, 
and widely distributed in all countries. They are mostly large 
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flies, having a large head due chiefly to the development of 
the eyes, which are often brightly coloured with green, purple 
or brown. These colours fade after the death of the insect, 
leaving a mottled grey or brown appearance. The antennae 
often point forwards and outwards and sometimes have a blunt 
spur at the base of the third joint. There are no bristles, but 
the thorax and abdomen may be covered with hairs. The 
proboscis is rigid and when short points downwards, when 
long points forwards. In the genus Pangonia the proboscis 
may be considerably longer than the body. The sexes may 
be distinguished by the space between the eyes at the vertex. 
In many forms there are also secondary differences in colour. 

The eggs are cigar-shaped and dark, and are laid in regular 
masses on the leaves of plants close to water. The larvae hatch 
in about a week and live either in the water, or in the mud 
and under stones in damp situations ; they are very voracious 
and feed on dead and living insects, on worms, etc., and often 



Fig. 152. — Larva of Tahanus virgo, 
(After Patton and Cragg). 


on one another. They are cylindrical, but pointed at both 
ends, and have eleven segments. Their respiratory arrange- 
ment is metapncustic, and they breathe through a siphon 
situated above the anus. There is a median structure within, 
known as Graber’s organ, lying posteriorly between the 
tracheae, the function of which is unknown. 

The females are blood-suckers, and have recently been proved 
(in the case of two species of Chrysops) to transmit the filaria 
Loa loa to healthy animals (Connal and Connal, 1921). The 
worms gain exit by the labella of the fly and burrow through 
the skin of the vertebrate host. It was previously reported by 
Kleine that 5 per cent, of Chrysops flies examined at Eseka, 
in the Kameruns, in 1915, were infected with filaria and that 
the local population was heavily infected with it. 

Evidence is also accumulating to show that Tabanids may 
cause the mechanical spread of Surra (Cross, 1923) and certain 
equine trypanosome diseases in India, Africa, and the Philip- 
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pines (Mitzmain in the Philippine Jour, of Set., sec. B, June, 
1913). The geographical and seasonal distribution of some 
Tabanids agrees closely with the outbreaks of Surra. 

Their natural enemies are Asiluhe and Beinbex, 

Surcouf lists the family, Oen, Ins. 175 (1921). 


Acanthomerid/E. 

Third joint of antennse complex ; palpi two>jointed. 
Tibiae without spurs ; empodia pulvilliform. Eyes holoptic 
in the male. 

Mostly bare flies, large and stout. They are found in South 
and Tropical America, living in forests. 

Little at present is known about them. 


CYRTIDiE. 

Antennae of two or three joints, with or without terminal 
arista. Squamae very large and inflated ; empodia pulvilli- 
form. 

These flies have a small head, but large eyes, and the thorax 
is large and spherical. The large squama is a strong character 
for this group. The proboscis of some forms is very long. 

The larvae are parasitic on spiders. 


NEMESTRINIDyE. 

Antennae with three joints and a terminal jointed arista ; 
tibiae without spurs ; empodia pulvilliform. 

These forms have a rather scattered distribution, occurring 
in Australia and South America and in places where the climate 
is dry and hot. The venation is curious, the veins ruiming 
more or less parallel with the hind margin of the wing ; in 
extre&e cases there is a network on the distal half of the wing. 
The proboscis is elongate and is exaggerated in a few species, 
notably Megistorhyncus longirostris, from Africa, in which it 
reaches a length of about three inches. 
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Not much is known of the life-history of these flies. The eggs 
of one species appear to be laid in trees ; on hatching, the 
larvse spin a little silk and are carried away by the wind. 
In some way they come in contact with a beetle and are 
carried to its burrow. Subsequently, the larva? feed on the 
grubs of the beetle. 


Apiocerid;e. 

Antennae three -jointed, with a short, stout, terminal 
style ; palpi one- or two-jointed, the ends large and spatu- 
late. Empodia absent; R* and R5 separate; Mi +2 termi- 
nating before the tip of the wing. 

This family is a small one, with few species, found mostly 
in America and Australia. The adults are flower-loving ; 
but nothing much is known about them. 


Mydaid^. 

Antennae four-jointed, the fourth joint elongate ; empodia 
present, but not pulvilliform. Proboscis fleshy ; R* and R# 
separate ; Mi turned up and terminating before the tip of 
the wing* 

All large flies, mainly from North and South America and 
Australia. 

The larvae live in decaying wood, and some are predaceous 
on the grubs of wood-beetles. The adults are predaceous. 


AsiLIDiE. 

Robber-flies, Assassin-flies. 

Antennae three -jointed ; proboscis horny and rigid. 
Empodia setiform or wanting. 

This is a large family of large flies, sometimes bare, but 
usually with well-developed bristles. They constitute one of 
the dominant families of Dipteray and are found all over the 
world. They are powerful flies, esdremely predaceous, and 
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attack all kinds of insects on the wing. The sexes may be 
easily distinguished by the prominent hypopygium in the 
male and the pointed ovipositor in the female. They are very 
variable in shape, from thin and narrow, after the manner of 
Tipulids (e.g. Leptogaster), to large robust flies, strongly coloured, 
like many of the larger Hyrnenoptera, to some of which, indeed, 
a few bear a very strong resemblance (e.g. Ldphria, J)asyllif<^ 
Bhopalogastor, Mallophora and Promackns Imiiboides). The 
wings are white or smoky. 

The larvae live in rotting wood, leaves, etc., and under bark, 
and are also predaceous. The pupse are free. 

They have no economic importance, except in so far as they 
help to keep down the inimical insect population. 


ThEREVIDvK. 


Antennae of three joints and terminal style ; proboscis 
fleshy ; palpi two -jointed. Eyes of male holoptic or nearly 
so. Genitalia not prominent ; empodia absent. 

Large flies, in general resembling the AsilidiR in form and 
habits, but the soft proboscis and less strongly developed legs 
serve to distinguish them. The sexes may be determined by 
the eyes. 

The larvaB differ considerably in appearance from those of 
Asilidw, being long and slender and of apparently nineteen 
segments. They are ainphipneustic, and live in earth, sand 
or rotting wood. The pupae are free. 

0. Krober, Gen. his., Fasc. 148 (1913). 

SCENOPINIDiE. 


Window-flies. 

Antennae three -jointed, without style or arista. Empodia 
absent. Males usually holoptic. 

Rather small flies, usually black and bare, often to be found 
on windows. 

The larvae are long and slender, showing apparently nineteen 
segments, as in the Therevidee. They live in decaying fungi 
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and wood, and also under carpets and furniture ; the latter 
are said to live on the larvae of flies and clothes moths. 

0. Krdber, Qen. Ins., Fasc. 161 (1914). 


Bombyliid^. 

Antennae three-jointed, with small style. Eyes of male 
usually holoptic, rarely so in the female. 

Small to rather large flies, often covered with thick hair, and 
the wings with dark markings. The flies are sun-loving and 
are flower-feeders. 

The larvae are amphipneustic, and many forms are parasitic 
on other insects. Those parasitic on the mason-bees have a 
remarkable life-history, which has been elucidated by Fabre ; 
hypermetamorphosis is a feature of this. 


Empid;r. 

Antennae two- or three-jointed, with or without style or 
arista. Proboscis short or long, and rigid. 

These flies may be anything from minute to large, of more 
slender build than the Bomhyliifhr. The most recognizable 
feature is the spike-like proboscis. They are predaceous on 
other flies. 

The habits in courtship of many species are definite and 
elaborate, reminding one of those of birds. Hewlett {Ent. 
Mag., 1907) has given an interesting account of Empis borealis. 
It is the custom in this species for the females to dance in the 
air in swarms when ready for pairing. A male fly, having 
caught some insect -usually a fly of some kind — flies near the 
swarm, holding its prey unharmed. A female is selected and 
chased — a short struggle ensues, during which the prey is 
transferred to the female — and both come to rest on some plant, 
copulation having now begun. During this period, ther male 
hangs on to his support with the front legs, holding the female 
and her meal with his posterior pairs ; and the female sucks 
the insect’s juices. Should coitus be over before the meal is 
finished, the insect is at once discarded. The males were never 
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seen to feed ; neither were the females except during copulation 
— and Howlett considers that the meal at such a time is a 
physiological necessity. Hamm (1908, ibid.) confirmed these 
results, and noted that they were much the same in some 
other species. He noted in the case of other forms (1909, ibid.) 
that pairing might take place by the male flying about over 
the ground of a meadow with prey, inducing a female to rise 
and join him. In another genus, pairing may take place on a 
leaf, after a considerable overture of matrimonial blandishment 
on either side. 


Dolicuopodid.e. 

Median and discal cells confluent. Arista dorsal or 
terminal on a three-jointed antenna. Hypopygium con- 
spicuous. 

The members of this family are usually green, rarely yellow 
or black. The males exhibit a great variety of secondary 
sexual characters. All are predaceous on smaller flies. 

The larvae are found in earth which is rich in humus. The 
pupae are usually free and breathe mainly through a pair of 
thoracic horns. 


Phorid^e. 

Antennae three -Jointed, the third joint more or less globose 
and concealing the other two. The wings usually large, with 
two strongly marked anterior veins and three or four other 
weaker, unbranched ones. 

The family comprises small and minute flies, usually recog- 
nizable by the antennae and the venation. A few are wingless. 
Some have peculiar habits and a few are myrmecophilous. 
Two genera live with Termites and have become so modified 
that they are hardly recognizable as flies. Termitoxenia is 
remj^kable in that it gives birth to adults. The adults live 
on dead animal matter. The abdomen of the female is more 
pointed than that of the male. 

The larvse may be foimd in decaying vegetable matter, but 
some parasitize ants and the eggs of spiders. 
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The pupa is oval and segmented, and has a pair of respiratory 
tubes on the metathorax. 

C. T. Brues, Qen, Ins., Fasc. 44 (1906). 


LONCHOPTERIDiE. 

Antennae three -jointed, with terminal style. Wings 
pointed. 

Small brownish flies, recognizable by the pointed wings. 

The larvae are flat and live in vegetable matter. 

Sub-Order II. C YCLORRHAPHA 

A frontal lunule above the base of the antennae ; third joint 
of antenna simple ; palpi unJointed ; pupa enclosed in 
last larval skin ; imago emerging by pushing off the end of 
the puparium. 


(a) ASCHIZA 

No frontal suture ; larvae with two to four pairs of chitinized 
processes, working horizontally in addition to the pair of 
mouth-hooks. 


Platypezid^. 

Arista terminal ; the males have the hind tarsi enlarged, 
and the eyes holoptic ; first posterior cell wide open. 

This family is unimportant economically. The males are 
distinguished from the females by the appearance of the eyes 
.and the hind tarsi. 

The larvae are broad and flat and fringed with spines. They 
live between the gills of fungi. 

PiPUNCULID.®. 

Arista dorsal ; head spherical and larger than the thoVax. 

The size of the head in these flies is due to the great develop- 
ment of the eyes, which take up almost aU the surface of the 
head. The hypopygium of the male is prominent. 
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The larvae are parasitic on Rhyiichota, while the adults are 
flower-feeders. The flies are strong and accurate fliers. 

Several species of Pipunculus have been recorded from 
Hawaii and California on the sugar-cane leaf hoppers Euteitix 
tenella and Perkinsiella saccharicula respectively. According 
to Williams (1918) one form which preys on the hoppers 
picks up an immature bug, oviposits in it in the air and then 
drops it. 


Syrphid^k. 

Hover-flies. 

A spurious vein runs between Rj and M,. 

The above single character is peculiar to Syrphids, l)y which 
they may easily bo recognized. They arc brightly coloured 
flics, usually striped with black and yellow, many resembling 
wasps, some duller coloured and furry, resembling bees. Their 



sp. 

Fig. 163. — Wing of Syrphid. 
sp. ~ spurious vein. 


habit of hovering in the air has given the name of hover- flies. 

The family is one of the largest of the Diptera, and is well 
represented in all parts of the world. 

Eggs are laid in decaying vegetable matter, on the stems of 
plants, on fungi and on leaves (e.g. Syrphus spp.). 

The larvae are pointed at the anterior end and there are no 
external mouth-parts. The body presents a creamy, wrinkled 
appearance. Some species have an extensible breathing-tube 
at the posterior end, giving the whole a characteristic appear- 
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ance and earning for them the name of rat-taiJed maggots. 
These include the genus EristaliSy which lives in putrescent 
filth, the adults of which resemble honey-bees. This no doubt 
gave rise to the legend that bees could be reared from rotting 
carcases. The larvae of Volucella inhabit the nests of bees and 
wasps, acting as scavengers ; and those of Microdon are found 
in ants’ nests. These last have a very curious appearance, 
and look less like maggots than molluscs. Some species of 
Merodon attack bulbs of the Narcissus family and constitute 
a pest to the gardener. 

Economically, many forms are an important check on Aphids. 
The females search for Aphids, and lay eggs singly amongst 
them : under laboratory conditions not more than ten eggs 
are so laid per female ; but the larva is capable of eating 
800-900 aphids during its development. Hibernation of these 
forms usually takes place as puparia, but sometimes in the 
adult or larval state (Staniland, 1922). 

Verrall, British Flies— Syrphidee (1901). 


{b) SCHIZOPHORA 

A frontal suture as well as a frontal lunule ; larvae with 
head very reduced, and a pair of mouth -hooks only. 


(i) Acalyptratcr. 

Squamae small or vestigial ; males never holoptic ; trans- 
verse suture incomplete ; first posterior cell widely open. 


- C0NOPID.E. 

Antennae porrect, with dorsal arista or terminal style ; 
proboscis long ; genitalia conspicuous ; abdomen often 
constricted forward ; first posterior cell closed or narrowed. 

More or less elongate flies, bare or nearly so, but sometipaes 
with a short golden pubescence, and often coloured with yellow, 
red, or black, some resembling wasps. The head is large and 
the eyes are broadly separated. 

Most, if not all, parasitize bees, wasps, and Orthoptera; 
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apparently the eggs are laid on the bodies of Hymempim 
while in flight (Williston). On hatching, the larva burrows 
into its host and develops at its expense until fully grown. 
The adult fly emerges between the abdominal segments of the 
host. The adults are flower-flies. 


Ml( ROPEZID/K. 

Head subspherical ; face retreating in profile ; oral 
vibrissae absent ; first posterior cell narrowed or closed. 

(The Micropezidw and the Tanypezid(v are oftcai associated 
together: Williston, however, divides them.) 


Tanvpezid.e. 

Head concave behind ; eyes large ; proboscis short ; oral 
vibrissae absent ; genitalia small. 

Fairly large flies. 

Hewlett records the larva^ of a species of Calohata living in 
the roots of a decaying ginger plant. 


V^UADJE. 

Face bristly above ; no oral vibrissae ; antennae generally 
long ; no pre-apical bristle ; subcosta absent ; first posterior 
cell wide open. 

The flies are rather small and dark, with a long and narrow 
abdomen and long legs. 

The larvae have been found in plant galls and in the roots 
of plants. A few are recorded as pests. 

Psila rosce^ the carrot fly, is the most important. The fly 
is black and shiny, with iridescent wings, about one-sixth 
of an inch long. The flics emerge in the spring from pupae 
and lay eggs in the soil close to turnips or carrots. The eggs 
hatch in twelve to nineteen days. The first-stage larva has a 
pair of strong chitinized processes at the posterior extremity, 
which are lost after the first moult. The larvae mine the root, 
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at first keeping near the surface, but later boring near the centre, 
leaving the walls of the galleries stained a rusty brown. They 
are full fed in four to five weeks, and they then pass out into 
the soil to pupate. The fly emerges after a variable period 
of a month upwards, some hibernating in this state. There 
are two generations a year in this country. (The above is an 
extract from K. M. Smith, December 15, 1921, in the Fruit- 
grower.) Sorauer (1913) gives eight days as the pupal period, 
and several generations per annum in Germany. The most 
successful remedies as found by Smith was 1 per cent, of green 
tar oil in precipitated chalk, spread on the soil close to the 
plants, soon after they show through (in the case of early- 
sown carrots) ; and 1 per cent, of creosote applied in the same 
way for late-sown carrots. 

ORTALlDiii;. 


Signal-flies. 

Upper fronto -orbital bristles only ; no oral vibriss® ; 
subcosta present ; only middle tibi® spurred ; no pre-apical 
bristles. 

Rather small to moderately large flies. As a rule the wings 
are ornamented and the legs short and stout. The male has 
five abdominal segments and a long rolled-up penis, and the 
female has six abdominal segments and a three- jointed horny 
ovipositor, 

Ortalids may be found about meadows, but little appears 
to be known of their habits and histories. Some species have 
the habit of walking about on the leaves of plants, waving their 
'banded wings slowly as if sending semaphore signals. Hewlett 
(1909) thinks they may be similar to those of Oscinidm and 
Trypetidce, and that the larv® mostly live in the stems and 
leaves of plants. Some live in the frass of boring insects. 

Two species are recorded as pests, Tritoxa flexa^ the black 
onion-fly, and Chxeiopsis mnea, on cereals, both fron\ the 
United States. 

In Oenera Irhsectoram Handel lists the Pyrgotinm, Fasc. 79 
(1908), UWdnnce, Fasc. 106 (1910), and PlatysUmince, Fasc. 167 
(1914). 
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TRYPETIDili. 


Fruit-flies. 

Lower fronto -orbital bristles present and close to the eyes ; 
no oral vibrissae ; subcosta present, often indistinct ; pre- 
apical bristles absent ; wings usually ornamented ; anal cell 
usually drawn out to a point. 

Rather small flies, as a rule with dark bauds or j)atehes on the 
wings. When at rest or walking on a leaf, the wings are held 
nearly straight out on either side. 

They are to be found in all parts of the world but their 
importance is much greater in tropical and subtro])ical regions 
than in temperate zones. 

The flies arc mostly very fond of fruit and lay their (*ggs 
under the skin. The maggot mines the fruit and grows 
larger at its expense. They may pupate within the fruit, or 
drop to the ground to do so, according to species. 

Some Trypctids arc remarkable in that the males of some 
forms arc strongly attracted by certain substances. Hewlett 
(1912, 1915) found that not only were Dacm attracted by 
oil of citronella, but that certain sjwcies were attracted by 
different constituents of the oil and could be separated by 
baits of iso-eugenol and methyl-cugenol. The males of 
Ceratitis capitata, the Mediterranean fruit-fly, are strongly 
attracted by kerosene oil. 

The most important economic species belong to the genera 
Acidia, Bhagoletis, Dacus, Ceratitis, Amsirepha, Carpomyia 
and Trypeta. 

Acidia heracki, the celery-fly, is a pest in Europe and Asia 
Minor on celery, parsley, and parsnips, and may also attack 
the Jerusalem artichoke. The fly lays its eggs under the 
epidermis of the lower side of the leaves (Taylor, 1918). In 
six to fourteen days the larvae hatch out and live for fourteen 
to ni^ieteen days, mining the leaves and eating out the soft 
spongy tissue. There are two broods in the year, the pupal 
period of the first brood being twenty-seven days and of the 
second brood up to ten months. The fly hibernates in the 
ground as a pupa in this country (Gardner, 1921). In the 
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South of France it is the adult which hibernates (Feytaud, 
1915) ; the pupa being found on the leaves. The alternative 
food-plants are Umbelliferm and ComposiUB. Control measures 
recommended are to dust with soot or powdered lime ; to 
spray with quassia or paraffin emulsion ; and to burn all 
leaves showing blisters. 

In the genus Blmgoktis are i?. pomonella, the apple maggot 
or railroad worm, confined at present to North America, and 
three forms on cherries — It cerasi (Europe), R. cingula and 
E. fausta (both North America). The eggs are laid in the 
fruit, which after a while drops off. Control measures include 
spraying with molasses and lead arsenate and destroying fallen 
fruit. 

Most, if not all, the species of Dacu.s have some economic 
value as pests. 

I)acu>s olea\ the olive-fly, is tropical and subtropical, and is 
found in Spain, Italy, France, N. Africa, and India. Fletcher 
(1917) noted that their presence in N.AV. India on wild olives 
was a fact of some importance, since some people there were 
beginning to introduce the European olive. 

Enormous damage has been done to olive groves by this 
pest : Rizzo estimated the loss of crop in Italy due to this fly 
to bo £8,000,000 in 1915. 

The life-history of the fly follows the usual course. Ovi- 
position takes place in the fruit ; the larva mines it, and, the 
fruit presently falling off, the larva pupates in the soil. 

The most successful method of combating the olive-fly 
appears to be the system devised by Lotrionte. Traps made 
of interlaced twigs across a V-shaped piece of metal sheeting 
are tied to the trees, usually one to each, and a concoction of 
"glucose syrup (50-60 pts.) arsenite of lead (2 pts.), boric acid 
(2 pts.) and sodium borate (2 pts.), is sprayed on to the twigs. 
About one and a half ounces is applied to each trap three times 
or so during the development of the fruit. 

The flies are parasitized by Chalcids and Ichneumons. 

Dacus cucurbitcp, the melon-fly, is a serious pest of Guqurbi- 
taceas^ and has also a tropical distribution. In Hawaii it causes 
great damage to all sorts of Cucurbitaceous fruits, and tomatoes 
as well (Westgate, 1918). The estimated cost of damage in 
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1914 was $1,000,000 for tlie year. Its life-history iii Hawaii, 
according to Severin and Hartung (1914), is : 

Incubation period . . . . \l IJ days. 

Larval period. .... IJJ 11 

Pupal period ..... 10-14 

Kgg-laying does not begin till fourteen to seventeen days after 
emergence. In this period, feeding a})parentlv is necessary 
for the ripening of the gonads. According to Back and 
Pemberton (1917) a female may lay u]) to 1,000 (‘ggs, and 
there are 8-12 broods per annum. 

Of the genus Ceratitis, C. capilata^ the M(‘diterranean fruit- 
fly, is one of the most important pests in the world. It has 
been the cause of enormous loss and of a considerable amount 
of legislation. It is found in E., W., and S. Afri(‘a, S. Europ(‘ 
and the Mediterranean coast, Australia, 8. America, Bermuda 
and Hawaii. It has not yet got a footing into N. America, 
on account of the stringent regulations in force, but it is being 
constantly intercepted by the authorities in California from 
Hawaii and elsewhere. 

The fly attacks an extraordinary variety of fruit, both hard 
and soft, cultivated and wild, and this fact makes it vitv 
difficult to deal with. It has been most successful in (‘stablish- 
ing itself in Hawaii, where it costs millions of dollars a year. 
All sorts and kinds of methods have* been tried to cope with 
it, with little or no success. Paraffin traps cfiught largt^ 
numbers, but as they were almost exclusivcdy mak‘s, the traps 
did little or no good. Natural enemies have now been found 
and thousands of Chalcids and Braconids are released every 
year now in Hawaii ; it is IiojxhI that in this way the jx^st 
will be brought within reach of artificial m(‘thods of control. 


RHOPALOMERIDyl^:. 

Anteimse short ; arista bare or plumose ; no oral vibrissas ; 
femora thickened; hind tibise often dilated. 

Flies one-quarter inch to half-inch long, found in South 
America. 

They are of no economic importance. 
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Sapromyzid^. 

No oral vibrissae ; subcosta present. 

Shiny yellowish or black flies, rarely more than one-third of 
an inch in length. The female has a long, slender ovipositor. 
The wings are sometimes clouded. 

The larvse live in decaying vegetable matter. In form they 
arc slender, roughened by small bristles. The penultimate 
segment has four conical processes, and the terminal one two 
three-jointed processes, between which is the stigmatic tube. 


Agromyzid/E. 

Arista bare or pubescent ; oral vibrissae usually present ; 
subcosta indistinct or absent. 

Minute to small blackish or greyish flies, to be found all over 
the world. 

The larvae creep about like those of geometrid moths. Most 
of them mine the stems or leaves of plants, but a few live in the 
galls of other insects.’ Hewlett (1909) records a species of 
Leucops as being predaceous, and according to Essig (1915) 
Crypiochcetum iceryit is parasitic on Icerya pureJmsi in California. 

Several species are recorded as pests on grasses (e.g. Agromyza 
atra), on Legummosce (e.g. Agromyza phaseoli on beans in 
N.S.W.), on Cruciferm (e.g. Phytomyza affi/iis and A. diminuta), 
and on asparagus (A, simplex), C. T. Greene (1914) gives an 
account of Agromyza prumosa, which mines the cambium of 
birch trees in America, 


OsCINIDiE. 

Arista bare or slightly pubescent ; oral vibrissae rarely 
present ; Irons bristly above or altogether bare ; median 
and anal cells absent. r 

Small to minute flies, common about grass and meadow 
land. Usually they are coloured yellow or yellow and black, 
which serves to distinguish them from the Drosophilidce. 
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The larvae live mostly in the stems of grasses, but some are 
found mining the leaves of sugar and beet, and others in galls 
on grasses. 

Several pests are recorded from this family, chiefly on cereals ; 
but Oscinis th(€B in India mines the leaves of tea and another 
attacks coffee in Java and Ceylon. 

Oscinella frit causes much damage to rye, oats, barley, wheat, 
maize and grasses. Most damage is done to oats in Europe 
and to winter wheat in the United States. 

The flies emerge some time between the end of Mareli and 
mid" June : chiefly mid- April to mid-May in this eountry. 
Twenty to seventy eggs are laid by the female on the stmns, 
or on the leaves near the stems. In three to seven days they 
hatch, and the larva) eat away the heart of the plant, causing 
the stem above to wither away. In two to five weeks they 
pupate, and in eight to fourteen days the second brood apj)enrs 
(June, July). The eggs of this brood are laid in the sheaths of 
the ears, on the panicles or on wild grasses (Collin, 1918). 

There are usually three broods in the year, the last appearing 
any time from August to December. In S. Russia four and 
five broods have been recorded, and also from N. America 
(Aldrich, 1920). 

The best preventive measures seem to be late wilder sowing 
and early spring sowing, with a top dressing of sodium nitrate 
when the plants an^ through. 

Chlorops iceuiopns, the gout-fly, attacks wheat, rye, and 
particularly barley in Europe and has a history similar to 
the frit-fly. Meromyza and Scaptorriyza occur in thi* United 
States on cereals. 

Chloropisca circurndata also attacks cereals in Eurojx). 
Occasionally it is a nuisance in country houses, swarming on 
the ceilings of the topmost rooms. They come in when the 
weather begins to get chilly in the autumn, but after a time 
they disappear : they do not hibernate in the house. 

There is a species in India, Siphonella funiwhy the eye-fly, 
which has a habit of flying just in front of one’s eyes. In 
Soutii America and Fiji a similar form gets into the eyes 
of domestic animals, and may be a factor in spreading eye 
disease there. 
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Drosophilida\ 

Arista plumose or pectinate ; oral vibrissae present ; 
subcosta absent or indistinct. 

Minute to small flies. The body is bare, except for bristles 
on the front of the head. Several forms have red eyes. Many 
of them are attracted to decomposing fruit, wine, vinegar, 
etc. Eggs are laid in rotten fruit and in decomposing matter 
of all kinds. Drosophila 7nelanogaster is a minor pest on 
grapes. 

A large amount of work has been done in the United States 
on Drosophih ampelophila by Morgan and others with regard to 
Mendelian heredity. The small number of chromosomes, and 
the ease with which this fly presents a large number of muta- 
tions, make it particularly suitable for this work. 


Sepsid/E. 

Head rounded ; proboscis and antennse short ; subcosta 
present, or fused with Ri ; middle tibiae with spurs ; abdo- 
men narrowed forward. 

Fairly small flies, yellowish or shining black. The abdomen 
of the female is pointed at the posterior end, while the hypo- 
pygium of the male is prominent and broad. 

They are found about decaying matter of all kinds, and about 
foods of a fatty nature. The eggs are laid in such situations, 
and the larvae feed upon the material in which they hatch. 

Piophila casei is a common species in temperate climes, and 
' is very partial to cheeses, especially the stronger kinds. The 
flies are black, about a sixth of an inch in length, and may be 
seen stalking slowly and deliberately over the surface of a 
cheese. The larvae have the habit of “ jumping,'’ by curving 
themselves, fixing their mouth-hooklets in notches at the 
posterior end, straining and letting go sharply. This habit has 
gained for them the name of “ cheese hoppers ” or “ jumpers.” 
These flies may breed in rotten fungi, or dead adipose tissue, 
and are found near accumulations of garbage. They have 
been known to cause enteric myiasis, causing lesions in the 
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intestines of the dog. A case of nasal myiosLs has also bwn 
reported (Melander and Spider, 1917). 


Ephydrid.e. 

Arista bare» pubescent or pectinate ; no oral vibrissse ; 
no anal cell ; middle tibiae spurred ; no pre-apical bristles. 

Small to minute flies, bare or nearly so, and nearly always 
black. They are found about meadows, marshes, etc., though 
one form, Brachydeuiera aryentata, runs about on the surface 
of water. 

The larva? are to be found in stagnant water, in decaying 
vegetable matter, under bark, and sometimes in strongly salU'd 
water. The adults are predaceous on other insects. 

Hydrellia griseola is recorded as a pest of oats, in which it 
mines the leaves, and of other cereals and grasses. 

V. Becker, Berlin Ent. Zeit. (1896). 


PhYOODROMID/K. 

Oral vibrissae indistinct ; frons and face bristly ; subcosta 
present ; legs stout, each tibia with a spur and a pre-apical 
bristle ; mesonotum, scutellum and abdomen flat. 

Small, dark flies, found on the sea-shore, a})ont seaweed, etc. 


Heteroneurid.e. 

Antennae porrect ; arista bare, pubescent or plumose ; 
oral vibrissae present ; frons bristly ; post-vertical bristles 
divergent. 

Small flies, with elongate wings, found in woods and forests, 
about shaded brooks and marshy places. 

The larvae are found in decaying wood and under bark. The 
mouth-hooklets of the larva are very small. They have a way 
of “ skipping ” about like the larva? of Piophila. 

The puparia have two horns on the posterior segment. 
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SCIOMYZID^. 

No oral vibrissae ; post -vertical bristles divergent ; sub- 
costa present ; pre-apical bristles present. 

Brownish flies, usually with markings on the wings. 

The larvaB arc aquatic. The last segment has six or eight 
fleshy processes. 

The adults are found in moist localities. 


Helomyzid.?!:. 

Oral vibrissae present ; subcosta present ; costa pectinate ; 
tibiae with spurs and pre-apical bristles. 

This is rather a small family. The flies are found in shady 
and damp places, and occasionally on windows. Some live in 
caves and burrows. 

The larvae are somewhat cylindrical but narrower in front 
than behind. The mouth-hooklets are large and pointed. 
Tliey feed on animal and decaying vegetable matter. 

CEIATHIDiE. 

Antennae long ; arista flattened ; scutellum very large. 

These flies are easily recognized by the remarkable develop- 
ment of the scutellum, which may cover the abdomen com- 
pletely, hiding the wings when at rest. They are generally 
found among grass. 

They are of no economic importance. 

BORBORIDiE. 

Antennae short ; arista dorsal or terminal, bare or pubes- 
cent ; oral vibrissae present ; subcosta absent or incomplete ; 
hind metatarsi usually dilated. 

Small to minute dark flies, usually found about decomposing 
organic matter, in which the larva? live. 

They are of no importance economically. 
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Diorsro^. 

Head produced into lateral processes, each bearing an 
eye ; no oral vibrissas ; front femora thickened. 

Small, bare flies, easily recognized by the jx'culiar shape of 
the head. They have a restricted tropical distribution, and 
have been found in India, Africa, and North America. 

Little is known of these flies, except Sphyracephala hearseiava, 
a short account of wliich is given by Sen (1921). He says that 
these forms are found in certain parts of India, wh(*re tliey 
congregate in large swarms on rocks or tlie like in damp and 
shady places. Their structure suggests a predaceous habit, 
but this has not yet been proved. In captivity the incubation 
period of the egg was found to be four days, the larval j)eriod 
seven days, and that of the pupa ten days. The structure of 
the larva indicates a semi-aquatic mode of life. 

They are of no economic importance*. 


CoRDYLURID.K. 

Front with bristles ; eyes widely separated in both sexes ; 
squamae present, but small ; subcosta present ; costa 
pectinate or not, but never with a spine where Ri runs into 
the costa ; abdomen with more than four visible segments. 

The larva* are found in dung (mostly the sub-family Smio- 
phagincej.in wet places near water, and in the sUuns of water 
plants. Williston, 1908, records a species of Clulogadra as a 
Noctuid parasite. 

The adult flies are found in moist places and about excrement, 
and are predaceous. Scatophaga dercoraria, the yellow dung- 
fly, was recorded by Hewitt, 1914, as attacking Muscids. 
According to Cotterell, 1920, it has attacked the common 
house-fly and blow-fly ; in suitable circumstances it might be a 
very Efficient check on these flies. 
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(ii) Calyptratce. 

Squamae well developed ; eyes of the male holoptic ; sub- 
costa distinct ; transverse suture complete. 

Anthomyiid^]. 

Arista plumose, pubescent or bare ; the first posterior cell 
broadly open. 

Small to moderately large flies, usually of a dull, dark colour. 
The males are frequently holoptic, but all have the eyes closer 
together than the females, and some have the genitalia well 
developed. They can be recognized from the other calyptrate 
flies by the widely open first posterior cell. 

The majority lay their eggs in decaying vegetable matter, 
dung, etc., and the larvae feed on this material. The remainder 
show considerable variety of habit, however, for some maggots 
feed on roots, some are leaf-mines, a few are found in the nests 
of bees, one or two are parasitic on locusts, some of the genus 
Mydma in Africa are carnivorous (Rodhain and Requaert, 
1910), and Keilin (1919) states that several forms cause sub- 
cutaneous myiasis in birds. 

Fannia canicularifi is usually known as the lesser house-fly. 
It is smaller than the common house-fly, which belongs to the 
Muscidce. It is usually unobtrusive and flies aimlessly about 
in the air ; but given the chance it may become dangerous in 
the dissemination of intestinal disease, as it did in Gallipoli 
during the Great War. 

Some species of Farmia are from time to time recorded as 
' causing myiasis in the urethra and alimentary canal of man. 

Several forms are pests which trouble the market-gardener 
and farmer. 

The onion-fly (Phorbia cepetorum) attacks onions in Europe 
and America. The fly is dark grey, with four brown stripes 
on the thorax and black legs. The eggs are laid on the plant 
just above the ground. The maggots hatch in five to seven 
days in this country, and then burrow into the bulb, where 
they live for thirteen to fifteen days. They then pupate, the 
pupal period being from ten to twenty days. There are 
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several broods during the year, and it passes the winter as a 
pupa in the soil or in stored onions. 

Pegomyia beUv attacks mangolds and beet. Tlie Hies are in 
evidence from March to June in this country. 

Oae to four eggs are laid on the under-surface of the leaf. 
The maggots hatch out in about five days and mine the leaf, 
eating the soft tissue for about a month. They j)upate in the 
leaf and the flies emerge in ten days. There are three or more 
broods in the year, and hibernation takes })lace in the pu})al 
stage. 

Chortophila brastiica\ the cal)bage-root fly, is about a (juarter 
of an inch long, and of an ashy grey colour. The fli(‘s first 
appear in April and May, and the females lay th(‘ir eggs in tlu5 
soil, close to the cabbage plants. The eggs hatch in a few 
days. The maggots are whitish, and attack the rootlets of the 
])lant. In about three wrecks the maggot is fully grown, encases 
to feed, and pupates in the earth. 

There are two and sometimes three generations in the year ; 
the winter is passed in the pupal stage. 

As a preventive against the attacks of this fly, a mixture of 
green tar oil and earth, etc., in the proportion of 1 to 100, is 
cast on the soil when the cabbages arc planted. 

Hylemyia coarciata (the wheat-bulb fly), in Europe and N. 
Asia, is also a pest of importance. 


MusciDyE. 

Arista plumose or pectinate ; first posterior cell narrowed 
or closed ; base of abdomen without macrochaetae. 

Rather small to rather large flies, usually of a dull colour, but 
sometimes metallic blue or green. The first posterior cell is 
usually closed or nearly so, but it may be rather widely open in 
some genera, in which the median vein has a slight forward 
curve at the end. The males are holoptic and the females 
diclyptic. 

They are a very cosmopolitan group on the whole, the com- 
mon house-fly probably being the most ubiquitous of all insects. 

Many lay their eggs in dung, vegetable refuse, etc. ; the 
bluebottles and greenbottles usually oviposit on meat and 
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decaying animal matter, but some forms occasionally do so on 

creenlbottles* argy’rocepMa, one of the 

g ottles, attacks birds and mammals, including man in 

the Congo in this manner {Roubaudand v. Saceghem 1916) 

and other species of LucUia have been recorded layin^theb 

ya on young b rds, and in open sores and woundT fpedes 

oithrysomym, the screw-worm fly, in North America, behave 

m the same way, but in this case it has become a fixed habii 

further specialization m this direction is shown by Cordylobia 

whth T America, the maggots of both^of 

numan blood a habit similar to Protocalliphora azurea the 

W of „h,c „,ck. the blocl 0 , bi* m7’ 

I rom . me<l,c.l point of view tl,e f.mily i, i„,p„rt.„t 


OkS. 



Fia. 154.— Larva of Musm domeslka. 

aiitorior spiracle, p,. =. jxBtcrlor spiracle. M. == buccal books. 


anous forms may cause myiasis, as mentioned above Mmca 
dameshca, the common hou.sc-fly, is capable of spreading such 
diseases as typhoid, summer diarrhoea, cholera, amoebi! and 
bacillary dysentery, diphtheria, ophthalmia, and poliomyelitis 

;f “ sr-b “r 

jnoblem i, to .tek the brerfing-plnee, try to prev«t 

Sr* » <» totroy theinstetinite eicly .tnges by SoE 

by S. 77 toia* the war were eoniued 

y reful sanitation, the destruction of maggots in the latrines. 
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and by trapping the adult flics on a sodium arsenite poison 
trap. In houses, the wire balloon trap baited with banana is 
a convenient trap ; or they may be poisoned with a 2 jxt cent, 
formalin solution, made up with a little lime water, mlding 
milk or a crust as a bait. Ono per cent, sodium fluoride 
solution may be used in the same way, in place of the formalin, 
and is very deadly. 

Blow-flies should be screened from meat in some way. This 
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is usually doiio in houses, hut the hutcluTs sho])s in this 
country are often a repulsive sight in hot weatluT, when the 
flies are allowed free run of the meat. 

One of this group, Lucilia sericata, the sheep-maggot fly, does 
considerable damage to sheep by causing sores, inflammation, 
discoloration of the wool, and general loss of condition. In 
Australia, a number of species have acquired this habit 



Fig. 1.56. — Wing of Stomoxys cakiirans. 
Irt pc. “ l8t posterior (m;U (narrowiMl). 


of ovipositing on sheep, and these include Muscina slabulans^ 
and species of the genera Calli'phora^ Lucilia, Chrysomyia and 
Pollenia. 

The habits of Muscid flies are multifarious. Some, for 
instance, infest country houses and large buildings in consider- 
able numbers in the autumn and spring. 

Pollenia rudis, the cluster-fly, is one of these. It is a little 
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larger than M. domestica, but can easily be distinguished from 
it, as it has a pale golden pubescence ; and when at rest its 
wings are folded over one another. Keilin states that 
it lays its eggs in the soil, under grass. The maggots, if 
fortunate, find their way into an earthworm of the genus 
Allolobophora, and they live there till full-grown, and then 
pupate in the soil. In the second instar, the maggot makes its 
way to the front end of the worm, and extrudes its hind 
segments so as to bring its spiracles into contact with the 
air. This author, describing his researches in France, gives 
one generation per annum, the winter being passed in the 
larval stage. In America, apparently, there are three or four 
generations in the year (Webb and Hutchison, 1916). These 
writers do not say how the winter is passed, but state that they 
could find no hibernating larvae. This remarkable life-history 
bears a close resemblance to that of the Tachinids. The adults 
also hibernate in masses behind pictures, shutters, etc., in 
cracks and round window frames, in the upper rooms — usually 
or preferably uninhabited ones. When the warm weather 
arrives, they wake up and worry the inmates with their active 
presence. 

Associated with P. rudis are often found two other species — 
ilf M.s’m corvina, resembling M. domestica, except that the 
abdomen of the male is yellow, with a black stripe down 
the middle— and PyreUia eryophthahna , a metallic bluish-green 
fly, rather smaller than the common greenbottle Lucilia msar. 
Both these forms may appear in large numbers, especially the 
latter. Both sexes are present in the three associated forms. 

Many adult Muscids have their mouth-parts adapted for 
sucking blood. The genera Stomoxys and Hcematobia are 
common in all latitudes. Stoimxys calcitrans is the commonest 
of these. It breeds in horse-dung and damp straw, especially 
oat straw. In size and general appearance it resembles the 
house-fly, but when at rest its proboscis can be seen projecting 
forward beyond the head, and the first posterior cell of the 
wing is rather broadly open. The favourite place for biding 
seems to be the ankles. So far it has not been proved to 
convey any disease. In all blood-sucking Muscids, both males 
and females suck blood. 

The chief blood-sucking group are the tsetse flies, constituting 
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the sub-family Glossinince, They tire confined to Africa and 
Southern Arabia, although it is interesting to note that fossil 
forms have been discovered in Colorado (Cockerell, 1918). 
They are an important economic group, since they transmit a 
number of trypanosome diseases, including sleeping sickness 
and nagana. Usually they inhabit dainj) and shady places, 
near water. The flies do not lay eggs, but fidl grown larva\ 
which they drop one at a time on the ground while in fliglit. 
The larvae bore into the ground and })upate at once. 

The tsetse flies prefer black to other colours, and do not 
come to white, so that white clothing should he worn in fly 



Fui. 157. — Wing of Folieten Innhiria. 

14 pc. ~ l«t posterior cell. 

belts ; the flies can be trapped on a small scale on sticky black 
surfaces. Where practicable, the clearing of scrub for thirty 
or forty yards from water has been beneficial, as the insects 
as a rule do not fly more than thirty yards from the water ; 
they may, however, follow men and animals away from the 
water for much greater distances. 

References. — E. E. Austen, Mono<fra])h of the TseUe Flie>i 
(1903) ; C. G, Hewitt, The Housefly ; G. 8. Graham-8mith, 
Non-blood-suckmg Flies (1914) ; E. E. Austen (1922). 

SARCOFHAOIDiK. 

Flesh-flies. 

Arista plumose half-way, or a little beyond, the distal 
portion being bare ; first posterior cell narrowed or closed. 

Medium-sized to rather large grey flies, resembling the 
MuscidcB, from which they are distinguished by the arista. 
Sometimes the hypopygium of the male is well developed. 
The eyes are often red. 
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The adultH are found about decaying vegetation, animal and 
faecal matter, and also fruit. The larvae live on such material, 
but some are parasitic in snails and in insects ; they have also 
been known to cause myiasis in man and other animals. 

According to Kelly (1914) six species of Sarcophaga are 
parasitic on grasshoppers, N. carnaria, the common form in 
this country, being the only one of the genus which is not 
parasitic. This authority gives an account of S. kelly in 
which he says that it attacks grasshoppers, knocking them 
down whilst in flight, and managing to deposit on the wings 
or abdomen of the locustid one or more larva? in this short 
space of time. The larva? enter the body of the grasshopper 
at the base of the wing or between the segments of the abdomen. 
They take ten to tliirty days to mature, and they then leave 
the host to pupate two to six inches deep in the soil. Their 
sight does not appear to be very acute, for they larviposit 
indiscriminately on any insect, and even on balls of paper 
thrown into the air. They may also larviposit on the nymphs 
of grasshoppers, as these sit on blades of grass during the 
hardening of the chitin. 

There are five or six generations a year. 

They are themselves parasitized by several Chalcids. 

Tachinid^e. 

Arista bare and three -Jointed ; first posterior cell narrowed 
or closed ; macrochaetae on the basal portion of the abdomen. 

This is a very large family of bristly flies, usually found 
about flowers on which they feed. So far as is known, the 
larva? are all parasitic on other insects, chiefly Lepidoptera 
and Hymenoptera. Fabre gives a charming account of the 
relations between a species of Miltogramma, and Bembex^ a 
fossorial wasp. 

In the aggregate, the Tachmidm must exert a very powerful 
check on insects in general, and so help to keep them within 
reasonable limits. Several are important in being chec^ks on 
economic pests. 

The following few examples are interesting as showing the wide 
range of method adopted by the Tachinidae. Thus they may be 
oviparous or larviparous, and may lay eggs or young maggots on 
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either larvae or adult insects ; or they may lay their eggs in such 
places as may bring their victims in close contact witli them. 

Bucentes geniculata j)arasitizes the larva' of Tipula pnludom 
largely ; also T, oleracea, and probably otluTs. llie fly is 
rather small and dark, with strong abdominal bristles. It 
is widely distributed in this country. 

The flies emerge in April and May, and di(' off in Jum*. 
From mid' June and onwards from 10 to 40 per cent, of Tipulid 
larvae were found infected oiu^ year by young Bucentes maggots. 
Any number up to nine were found in each leather-jacket. The 
larval period does not appear to be more than five wt‘t*ks, and 
the parasites then leave the host and pupate at a clepth of 
2-3 inches in the soil, though sometimes the parasites remain 
attached to the tracheal trunks. The ])upal pcTiod lasts 
about seventeen days. The adults lay eggs, and the larvae 
which find hosts spend the winter in them. Nielsen (1918) 
however states that they hil)ernate in the pupal stag(‘. Tlu'n^ 
are two generations a year. 

The above extract is made from Rennie and Sutherland 
(1920). 

Emhiomyia attacks (‘alosoma beetles. The latU'r 

are employed extensively in America for combating the (lipsy 
and Brown-tail moths, on which they prey. 

The flies emerge in May and June, and lay from one to four 
eggs on some part of the surface of the adult beetles, })ut as 
many as ten eggs on one beetle have l)een recorded. The eggs 
hatch in from three to twenty-four hours, and the larva* bore 
into the host and take nine to twelve days to develop. Th(*y 
may pupate inside the beetle, or externally between the elytra 
and the abdomen, above or below the wings. The pupal 
period lasts nine to fifteen days. 

The flies of the second generation issue in July and August. 
Eggs are again deposited on the beetles, and the larvae hibernate 
in the beetle after the first moult. In a favourable season 
there may be a partial third generation. 

The above account is taken from Collins and Hood (1920). 

Howard and Fiske (1912) give an account of Blepharij)a 
scutellata, the chief Tachinid parasite of the Gipsy moth. The 
fly lays its eggs on the leaves of the food-plant of the cater- 
pillar, which eats them. Those escaping mastication pass 
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into the alimentary canal, and embed themselves in the 
tissues of the host, causing a sort of gall formation. After a 
moult the larva changes its position and seeks one of the 
spiracles, to which it applies its posterior end, thus bringing 
its own spiracles in contact with the air. The activities of the 
third instar are not given, but it is stated that the parasite 
waits until the host pupates before devouring it to death. 
The parasite pupates in the earth, and the whole cycle occupies 
ten to eleven months. 

The same authors give an account of Compsilura micirumta, 
which attacks impartially both the Gipsy moth and the Brown- 
tail moth, as well as a large number of other Lepidoptera. 
There are fifty-eight European hosts recorded, and a list of 
twenty-three American ones given by Culver (1919) probably 
leaves a good margin. 

The method of attack of this fly differs from B, mUellata. 
It inserts its ovipositor under the skin of the caterpillar, and 
extrudes tiny maggots, whicli develop quickly for about two 
weeks. After the first moult, they migrate to the posterior 
spiracles. When they come out to pupate, they do so either in 
the earth at the foot of the tree on which their hosts lived, or 
behind the bark ; but some may be found in the cocoons of 
the moths. The pupal period lasts about a week in the earth, 
but only a couple of days or so on the tree. The adults attain 
maturity in three or four days. Thus the whole cycle is 
completed in about a month. Culver (1919) gives three 
generations a year. Hibernation takes place in the larval stage. 

In Canada large numbers are reared and distributed yearly. 
In the entomologist’s report for 1917, for example, 15,725 
puparia were reared from 78,484 caterpillars of the Gipsy 
moth, which were collected from forty-five different places. 

DEXIIDiE. 

Arista bare, pubescent or plumose, two- or three-jointed ; 
abdomen with bristles along the dorsum ; legs long and 
bristly. • 

Small to medium-sized flies, resembling the Tachinids both 
in appearance and habits. So far as is known they are entirely 
parasitic on insects and snails. 
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The eyes of the males are close together, those of the females 
more widely separated. 


(Estrid.e. 


Bot-flies. Warble-flies. 

Antennae short, small and inconspicuous ; oral opening 
small, mouth -parts small and rudimentary ; first posterior 
cell narrowed or closed ; discal cell sometimes absent. 

Rather large, hairy flies, with large heads, tlu^ lower j)art of 
which is rather swollen. 

The larvae are all parasitic on mammals, and eggs are laid 
on the hairs or skin of the animal attacked. Each spt^eies has 
its own particular host. The maggots may infest different 
parts of the body, e.g. (hsirophilm equi, the horse bot-fly, lives 
in the stomach ; (Estrus om, the bot-fly of the sheep, chooses the 
cavities of the nose and j^harynx ; while Ilypodenna hori.s, th(‘ 
ox warble-fly, travels about in its host, but ends finally in the 
skin of the back. 

The history of the last-named is as follows : Th(‘ eggs are 
laid on the hairs of the hind-leg, chiefly below the hock. The 
spiny maggots hatch in four or five days and bor(‘ into the 
skin, and after three or four months^ wandering reach the 
oesophagus, where they remain for a year or so. They then 
migrate to the skin of the back, where they f(‘ed on the fluid 
arising from the inflammation. The posterior end is pushed 
through the skin, bringing the spiracles into contact with the 
air. In the early spring they come out, fall to the ground, 
and pupate for about six weeks. 

The damage done to the hides in this way is very considerable, 
but no satisfactory method of combating the fly has as yet 
been found. 

(Estrns deposits larvae in the nostrils of sheep and goats, 
and the maggots live in the nasal sinuses, but come out to 
pupate. A mixture of white-pine tar oil and eucalyptus should 
be srneared over the bottom of the salt-trough, so that the sheep 
get some on their noses. This is said to ke^*p the fly away. 

The family were listed by Barr as a sub-family of Muscaridve 
in 1906 {Qm, Ins, 43). 
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(c) PUPIPARA 

Medium or small flies with a leathery integument, 
winged or wingless, generally parasitic. 


Hiitoboscid.^. 

Antennae inserted in depressions near the mouth, appar- 
ently one -jointed ; the proboscis sheathed in the palps ; 
head and thorax flattened ; halteres reduced ; coxae broadly 
separated ; claws strong and sometimes toothed ; wings 
absent or present, the veins approximated to the front of 
the wing, where they are well marked, the rest of the wing 
hyaline, with faint, oblique veins showing. 

The flies are leathery and brown, with strong legs. The 
adults are all parasitic on birds or 
mammals. They include Melopha- 
(JUS ovinus, the sheep- “ tick ” or 
“ked,” and Hippohosca equma, the 
horse or “forest” fly: they are 
abundant in the tropics on dogs 
and horses. 

The sheep-tick ])asses its life on 
the host. Swingle (1913) gives the 
following data : — The larva is 
born mature and pupates in twelve 
hours. The pupal stage lasts nine- 
teen to twenty-three days in summer 
and at least nineteen to thirty-six 
in winter. Pairing takes place three 
to four days after emergence, and the birth of a larva ten to 
twenty-seven days after. The female produce ten to twelve 
young in four months. 

According to Noller (1919), this insect transmits gheep 
trypanosomiasis. He considers the parasite as quite distinct 
from Crithidia melophagi which M, ovinus is known to 
harbour. 
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Nycteribiid.^:. 

Head at rest folded back on the thorax ; antennae two* 
jointed, short and bristly ; eyes vestigial ; wingless. 

The flies are small, with the legs long and held like those of 
a spider. All are parasitic on bats. Tlu'V cling to tlieir host 
so that their dorsal surface is in contact with the skin of the 
bat, and feed in this position on its blood. Tlieri^ are several 
species, many of which are described by Ferris in vol. 27 of the 
Entomological News (p. 436). According to Scott (1916), they 
are not confined to any one species of bat, but, broadly speaking, 
some prefer the fruit-eating bats, the others th(‘ insectivorous 
forms. 

The mature females give birth to full-grown larva*, oik* at a 
time, and leave the host to do this on some smooth and dry 
surface near the host. The larva is motionless, and is made 
to adhere firmly by the mother, which stands over it and pats 
it against the surface with her thorax ; it remains stuck hard 
by the gummy secretion expelled by the mother during tin* 
extrusion of the larva. The act accomplished, the fly scuttles 
back to the host. The larva* are soft and rounded, and whitish 
in colour. The exposed part of the skin hard(‘ns and dark(‘ns 
in about half an hour, but the nunainder tak(‘s considerably 
longer (Scott, 1916). 

Rodhain and Bequaert (1915) give a similar account for 
Cyclopodia. They state that unless the adults find hosts 
within forty-eight hours, they die ; also that co])ulation takes 
place on the host. (S(*e also Urieh and Scott, P.Z.S. June, 
1922.) 


Streblid^. 

Antennae two-jointed, inserted in a pit ; palpi short, broad 
and projecting. 

Lik^ the foregoing family, they are parasites on bats, but 
little more appears to be known about them. 

For convenience, another bat parasite may be described 
here. It is less like the Nycteribiid than the Streblid, and 
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has as yet not definitely been allocated to any family. The 
following is an abstract from Muir’s account in 1911. 

Ascodipteron npeiserianum is found in the Dutch East Indies. 
The males and females hatch out as normal winged adults. 
The female, on finding a host, burrows into the skin at the 
base of the ear “ and then casts her legs and wings ; her 
abdomen then develops to an enormous extent, and entirely 
envelops her head and thorax, so that she appears as a bottle- 
shaped grub without legs or head.” The larvae are born 
fully grown and fall to the ground, where they pupate. The 
pupal period is thirty to thirty-one days. 

Braulid^. 

Minute, wingless flies, of about 2 mm. in length, found on 
bees. The last tarsal joint has a pair of combs. 

There is only one species, Braula coeca. According to Skaife 
(1921) it is neither parasitic nor pupiparous. He gives the 
following life-history Eggs are laid haphazard over the brood- 
combs. They are minute and difficult to see, being covered 
with wax. On either side of the egg is a reticulated flange run- 
ning lengthways, the two nearly meeting at either extremity. 
The larva on hatching makes its way to a cell containing the 
grub of a bee, and feeds on the food already stocked there. 
It has a typical muscoid form, and is metapneustic. The 
puparium is white and the pupa may be seen through the 
transparent larval skin. On emergence, the adult makes its 
way on to a bee. 

The food of the adult appears to be honey. This it obtains 
from the mouth of the bee, which it stimulates in some way 
to release a drop. 

Skaife, Braula caeca'' — Boy. Sac. S. A/., vol. x, No. 1 
(1921). 
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Antennae three -Jointed » in a groove ; eyes simple when 
present ; mouth -parts adapted for piercing and forming 
a tube for the suction of blood ; the thorax with three 
movable segments ; all coxae and epimera of metathorax 
well developed ; wings absent ; metamorphosis complete. 


Fleas are small, bilaterally flattened insects, well known to 
the layman on account of the irritation of their bite and their 
ubiquity. They lead a more or less })arasitic existences on 
warm-blooded vertebrates, none being exempt from their 
attentions, unless it be the 
monkey tribe. 

For the most part they are 
about one-eighth of an inch in 
length, though one form from 
the New World is more than 
twice this size. In colour they 
are a chestnut brown. 

The body is provided with 
regular sets of spines pointing 
backwards, a formation wliich 
greatly assists its passage 
through the hairy or feathcTy 
forest of the host’s integu- 
ment. Fleas are renowned for 
their powers of leaping, and in 

this respect the human flea, Piilex irritan.s, holds the n’cord 
in the group. 

The head is fixed broadly on to the thorax. In profile it 
is somewhat triangular, but rounded from front to vertex. 
There may be a simple eye on either side, but it is absent in 
many forms. Above the eye lies the antenna, sunk in a groove 
pointing downwards and backwards. It has three joints, the 
third being larger than the other two, rounded and complex. 

The mouth-parts include the maxilla, a triangular plate on 
each side of the oral opening ; a pair of four-jointed maxillary 

m H H 
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palps ; a stiff, piercing labrum ; a pair of serrated mandibles, 
which together with the labrum pierce the skin of the host and 
form a tube through which the blood is sucked ; a median 
labium, situated posteriorly to the piercing organs, depending 
from which is a pair of labial palps, consisting of a variable 
number of joints. The labium and the palps are shaped so 
that they can sheathe the piercing organs and form the 
rostrum. 

The head is armed with rows of bristles directed backwards. 
Some forms show a row of short, stout spines on the lower edge 
of the gena, forming the genal comb. 

The three sections of the thorax are not fused together, a 
rare feature in insects. The pronotum sometimes bears a 
row of stout spines similar to the genal comb ; this is the 
pronotal comb. The prosternum is pushed forward beneath 
the head, causing the front pair of legs to appear as if they 
sprung from the head. The epimerum of the metathorax is 
strongly developed and is a noteworthy feature of the group. 

The abdomen is compactly built of ten segments. The 
sternite of the first segment is absent, owing perhaps to the 
great development of the epimerum of the metathorax. On 
the dorsum of the seventh segment may be one or more 
pairs of setae known as the antepygidial bristles, which are 
used in taxonomy. The last three segments are modified to 
form the sexual apparatus. The eighth segment is small and 
may be telescoped under the seventh. The ninth segment 
bears on each side a sensory plate, the pygidium, behind which, 
in the male, is a pair of complex claspers. In the female this 
is replaced by a conical projection, the stylet, which bears 
upon it a tuft of bristles. The tenth segment is internal. 

Alimentary canal. The pharynx has strong muscles 
attached to it, enabling it to suck up blood through the pro- 
boscis. Into the anterior end of the pharynx a tube opens, 
through which a secretion passes from the four salivary glands 
and ducts. Behind the pharynx is the oesophagus, communi- 
cating with the proventriculus, a somewhat pear-shaped 
structure, narrow in front and broad posteriorly. This organ 
is provided internally with a solid basket-work of chitinous 
rods, directed backwards. It functions as a valve, preventing 
the contents of the stomach from passing in a forward direction 



SIPHONAPTERA 


467 


when the pharynx is at work. At the posterior end of the 
stomach enter the four Malpighian tubules. From here the 
short intestine leads to the posterior opening of the alimentary 
• canal ; there are six rectal glands attached close to the anus. 

The nervous system is primitive in type. The two lobes of 
the supra-OBsophageal ganglion are distmctly separated and 
joined to the two lobes of the sub-oesophageal ganglion by a 
commissure on each side of the oesophagus. There follows a 
chain of three thoracic and seven abdominal ganglia, the first 
six of the latter being all the same size, and the sevent h being 
larger. 

Reproductive system. In the female there are eight ovarian 
tubes on each side. The spt^rmathec<ne are U-sha{K‘d and well 
chitinized, and may easily be seen in cleared preparations. 
The male has a pair of testes. The ])enis and sheath are com- 



Fia. 160. — Pulicid I.*arva. ( x IS.) 
(Rasod on Racot and Kidowood.) 


plex and curved upwards and backwards, strongly chitinized 
and easily seen in cleared preparations. The sexes are easily 
distinguished by the shapes of the abdomen, the males apjx*aring 
to be turned up at the posterior end, the pygidium facing 
upwards ; in the female, the contour of the last few segments 
curves downwards, the pygidium facing backwards. 

Fleas lay their eggs in the neighbourhood of their hosts — 
in nests, lairs in various localities, on the ground, in dwelling- 
houses, etc. The eggs are smooth and white. The shell is 
broken open by the larva by means of a tooth-like process on 
the head, which structure disappears after the first moult. 

The larva is white, legless, and bears long bristles on the 
segments, of which there are thirteen, in addition to the head. 
It is very active, and is assisted in locomotion by a pair of 
downward-pointing processes on the last segment. It feeds 
on organic debris, which includes the faeces of adult fleas, thus 
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accounting for the presence of blood in the intestine, so often 
observed. The internal anatomy closely resembles that of 
the adult, but there are no rectal glands. The pupa is free, 
and is found inside a cocoon spun by the larva and covered , 
with grains of sand, etc. 

The authority on systcmatics is Rothschild, and on bionomics 
Bacot. Their many works should be consulted. 


SARrOI’SYLLlD^K. 

Chigoes, Jiggers. 

Rostrum long, weakly chitinized, the labial palps having 
but one or two segments ; the genal edge of the head produced 
downwards behind the maxillae into a triangular process ; 
the thoracic tergites together shorter than the first abdominal 
tergite ; eyes always present. 

Many of the forms in this family remain attached to the 
host after the manner of ticks, the mouth -parts being directed 
more or less forward. The mandibles are well developed and 
serrated for such fixation, the labial palps lying upwards in 
this position. The abdomen of the female swells up consider- 
ably, often to an enormous size. In those forms which do 
not attach themselves permanently to the host, the labial palps 
point downwards while feeding. 

One of the commonest forms is Denmtophylhs penetrans^ 
a native of Mexico, West Indies, and tropical South America. 
It was introduced to Africa during the latter half of the nine- 
teenth century, and has now reached Madagascar. 


PlTUOTDyT:. 


Fleas. 


Rostrum well chitinized ; the labial palps with at least four 
joints ; the thoracic tergites together longer than the first 
abdominal tergite. 

The fleas of this family need no general description, being 
known to all as to their size, shape, colour and powers of 
leaping and biting. One finds them everywhere. 
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This group contains the great inajority of tlie niainnialian 
and avian fleas. The life-history of all, so far as is known, 
runs more or less on the same lines. 

The eggs are laid in the neighbourhood of the host, in its 
lair or in its nest. The incubation period may last some days, 
say from two to ten. The active larval stage is very variable. 
Bacot (1914) gives the following figures : ( '( ralophyllus fasriatus 
(the cat-flea), 15-114 days; Pulex irriians (the human flea), 
9-202 days; Xenopsylla cheopiti (the rat-flea), 12 S4 days; 
Ctenocephalm canis (the dog-flea), 11 142 days. Cold has 
considerable effect in protracting the active life, but tins author 
points out that the individual variations in longevity from 
the same batch of eggs is very marked. 

When the cocoon is spun there is a nesting .stag(' in tiu' larval 
condition before ])upation, and then' may also lx* an imaginal 
resting stage before emergence. Bacot (ibid.), gives tb(‘ follow- 
ing figures for the total duration from sj)inning the cocoon to 
emergence: P. irritavs, 7- 239 days; X. rhf^ypis, 7 182 days; 
67. caiiu', 7-354 days. Tire cocoon is a protection botli against 
drought and against wet. The same authority giv('s tlu^ 
following figures for maximum longevity in the adult : 6’. 

fascialvs, 100 days (fed), 95 days (unfed) ; P. irrifaris, 513 days 
(fed), 125 days (unfed); X. rhcopis, 100 days (fed), 38 days 
(unfed) ; 67. canu, 234 days (fed), 58 days (unfed.) Thus the 
total length of life from the egg to the death of the adult may 
be several months, even if the adult can g(*t no food. 

As a rule fleas prefer one species of host to feed on ; but in 
case of necessity, or for some other reason, they may suck the 
blood of others. Pulex irritans, besides being the natural 
parasite on man, apparently occurs naturally on badgers in 
Europe and on skunks in North America as well. 

The economic importance of the family lies in the ability 
of the rat-flea, Xenopsylla cheopis^ to transmit plague from rats 
to man and from man to man. For a long time there was 
much speculation as to the mechanism of infection. It was 
at length found that after the flea had taken in plague bacilli 
with the blood, a solid plug of culture of the germs gradually 
formed in the proventriculus. When next attempting to suck 
blood the flea, of course, was unable to do so, and its frantic 
efforts to appease its hunger forced a little of the culture 
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through the mouth and into the wound. According to Hall 
(1915) Ct. canis and P. irritans may also transmit plague. 

Besides plague, Laveran and Nicolle (1913) regard as proven 
that both P. irritans and Ctenocephahs serraticeps transmit 
Leishnmnia infantum, the parasite of Kala-azar, to children 
and dogs in the Mediterranean region. The tapeworm Dipy- 
lidium caninum is carried by Ct. canis. 

Echidnophaga gallmacm is another pest, the host being the 
domestic fowl. Known as the “ sticktight ” flea, it is more 
stationary in habit than those previously mentioned. The 
females, having once plunged their mouth-parts into the host, 
remain fixed in that position. The males are more restless 
and move about from time to time. Both sexes favour the 
head region. According to Illingworth (lOlO), the length of 
the life-cycle is three to four weeks. The same authority 
found that the imago might live from eight to thirty days 
without a host ; on the other hand, if removed from a bird 
after a feed, it succumbed quickly. No eggs are laid until 
blood has been consumed. 

Fleas are difficult to deal with ; on animals a mineral oil 
emulsion is best or the powdered root of the Sweet Flag [Acorus 
calamus), which has a specific action on fleas (fide Liston). For 
clearing buildings, washing down with miscible mineral or tar 
oil is possible or fumigation with hydrocyanic acid gas. 


CKRATOrSYLLID^K. 

Head with a flap on each side of the frontal oral corner ; 
often with a comb on the abdomen. 

The species have been described by Bothschild and others, 
but there do not appear to be any records of their bionomics. 



HYMENOITKRA 


Two pairs of wings of almost equal size, hyaline and with 
few veins ; mouth-parts always provided with mandibles, 
the maxillae and labium usually formed into a lapping tongue. 
Metamorphosis complete. 

The colour scheme in the Ilymenoptera is vc'ry varied. 
Warning colours predominate in the AcukaUi, sueli as wasj)s, 
hornets, bees, etc., the colours there ludng usually black 
combined with bands and spots of red or yellow. 

Many harmless forms also exhibit these colours ; Sirej: 
(jigas, a large insect conspicuously band(*d with yellow and 
black, is a good examj)le. There are numbers of harmless 
saw-flies and Ichneumons which have a similar colour schenu*. 
Aggressive mimicry is well develo])ed in some forms : P,siihyru.s 
rupestrisy a cuckoo-bee, bears an extraordinary resemblance to 
its host Bmnhus hpidarimy the colour and size of the two be(‘s 
being almost identical. 

On the other hand, the slender, wasp-like Nomuda rujironm 
another cuckoo-bee which lives at tlu' (‘xpense of Avdreva 
fulva — bears not the slightest resemblaiK^e to its host, which 
is covered all over with a thick coat of orange-brown hairs. 

Metallic colours arc found in many of tlie ChripsidiVy Fc.s- 
poidea, Sphecoidea, and Chair idoidea. Cryi)tic colours are 
seldom to be seen, as few birds or insectivorous mammals care 
to attack Hyrnenoptera. 

The size varies Oonsiderably ; some of the Mymarid(P. (Chaki- 
doidm) are among the smallest insects known, many being h'ss 
than 1 mm long. The largest Hyrnenoptera seldom exceed 
two inches in length ; this measurement, of course, excludes 
PelecinuSy which, though small, has an abnormally long 
abdomen, and also those Ichneumons which possess ovi- 
positors some four inches long. 

Hyrnenoptera are with few exceptions diurnal insects ; 
Ophion luteus (Ichneumonidce) often comes to light, as also do 
some winged ants. The hornet {Vespa crabro) remains active 
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after dusk and patronizes the Lepidopterist’s “ sugar ” patches, 
much to the annoyance of collectors, and in the tropics 
Xylocopa works by moonlight. The Hymenoptera are dis- 
tributed throughout the temperate and tropical regions of the 
world. In many cases the European fauna is greater than that 
of the tropics. Some Tenthredinidce have been recorded from 
Spitzbergen, an island well within the Arctic circle. 

The head is moderately large, free from the thorax and 
fairly mobile ; the mandibles, which are always present, vary 
in shape, but are usually toothed ; in many bees they are 
spatulate and form excellent organs for moulding wax, mud, 
etc. The maxillse are sheath-like, consisting of a basal portion 
(stipes) and an apical outer lobe (galea) ; the inner lobe of the 
maxilla (lacinia) tends to become obsolete. The maxillary 
palp is usually well developed, being two- to six-jointed. 

The labium is a somewhat complicated organ, though the 
essential parts can be readily traced ; this organ reaches its 
highest development in the bees. There is a long hypopharynx, 
sometimes bilobed, flanked by the outer lobes of the labium 
(paraglossae). On the outer side of the paraglossae lie the 
labial palps, which are usually four- jointed ; the inner lobes 
of the labium are frequently vestigial or absent. 

Compound eyes and three ocelli are generally present in 
the adult Hymenoptera. The ocelli are absent in female 
Mutillidoi, and eyes are altogether wanting in some worker 
ants, the male Blastophaga (Ckalcidoidea) and larvse of 
Petiohta. 

The antenna) are of moderate length and often elbowed, 
i.e. with a long basal joint (scape), the flagellum or remaining 
Joints being each much shorter and proceeding at an angle 
to the scape. The antenna) are usually filiform, but the males 
of Lophyrus (Tenthredinidce) have feathered antennae not 
unlike those of male Saturniid moths. Some remarkable 
antennae are to be found in the Ckalcidoidea. 

The wings, four in number, have no scales, though small 
hairs are frequently present ; the number of nervures and cells 
varies enormously. In most of the Hymenoptera there is a 
small pigmented area on the costal margin termed the 
stigma. The hind-wings are connected to the fore-wings by 
a series of hooks which catch on to a fold in the inner 
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margin of the fore-wings. Not infrequently wings are 
absent or vestigial in one or both sexes. 

The legs are of the normal running type, but a few remark- 
able modifications are to be found ; the anterior tarsi in the 
Dryinidoe form a pincer in the female, and the basal tarsal 
joints of the posterior pair of legs in the Apoidm are expanded 
to form a pollen basket. 

The trochanters are often divided in the Serphouiea and 
Ichneurrwnoiden . 



Fia. 161. — Single and Double TrochanterH. 
(a.) ■= leg of Vespid. (6.) =» Jcg of Ichncunionid. 


The thoracic segments are large and somewhat complicated ; 
the prothorax frequently extends back to the tegulae ; this 
character is very important and is largely used in classification. 
The most remarkable feature in the thorax is the “ median 
segment ” or “ propodeon ” ; this is really the first abdominal 
segment of the larva, but in the adult has become part of the 
thorax. The point of attachment of the first abdominal 
s^ment (really the second abdominal segment) to the median 
segment is used for classification purposes. 
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The abdomen is of various shapes and frequently very 
flexible. The number of segments varies, but in the Aculeaia 
there are six in the female and seven in the male. 

The males can always be distinguished from the females 
by the absence of the ovipositor ; this organ may take the 
form of a saw, a sting, or a simple styliform ovipositor. The 
ovipositor is formed from the gonapophyses of the eighth 
abdominal segment and one gonapophysis of the ninth 
abdominal segment. The sting itself consists of two barbed 
darts which can slide up and down within a sheath ; when the 
sting is employed both darts and sheath penetrate the skin, 



/fV 

Fkj. 102. — Diagmin of Thorax of Vatpa to sliow Median Segment. 

I'ro. = pronotum, Meso. « mesonotum. Meta. r= inot4inotuni. Scut. ^ HcutflJiini. 

MS. «= median segment. Teg. »= tegula. I)V «= insertion of wings. II = head. 

the former being driven deeper into the wound ; at the same 
, time poison from the poison sac runs down grooves in the 
darts and enters the wound. 

In many bees the eyes of the male are very large and meet 
on the vertex, and in most of the Aculeata the antenna? of the 
female are twelve- jointed, those of the male being thirteen- 
jointed. 

In the male the appendages of the ninth and tenth abdominal 
segments constitute what is known as the genital armature. 
This apparatus consists of two pairs of forceps, each attached 
to a basal portion ; the outer pair are called the stipites (sing, 
stipes) and are attached to the CQrdo. The inner pair or 
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sagittce are correspondingly attached to the spatha ; in the 
Vespidcc and Eumeniam the sagittae are generally united. 
The characters of the male genitalia are extensively used 
for the determination of species, especially among the 
Aculeates. 

For further information see Saunders's artieU' on the T(Tminal 
Segments of Aculeate Hyme ioptcra, Tran,^. Kiit. Sor. lArmUm 
(1884). 

The alimentary canal is of the normal type. Tlu‘ q\ieens 
and workers of the social forms have the power of regurgitating 
honey, animal juices, etc., from the croj) in order to feed tlu'ir 
young. The nervous system is well developed, especially in 
wasps, bees, and ants. There are two large cephalic ganglia 
and two or three thoracic, the abdominal ganglia being two 
to seven in number. Tenthredinid larvjc have sev(‘n abdominal 
ganglia, and the larva* of Apoiden havt* eiglit. 

In the imago the hive-))ee (/lyn^v) has live abdominal ganglia 
in the worker, the queen and male having only four ; B(wd>ns 
workers and queens have six, the jnale five ; Ve.spa work(Ts 
have five, the males and queens six. 

The tracheal system is normal ; the position of tlu* sjiiracles 
is sometimes used in the classification of the parasitic Hymevop- 
iera. In many forms, especially Apoide/i, there is an air bladder 
in the abdomen, the expanded main tracheal trunk. 

Salivary glands are usually well (hweloped ; tluy an^ useil 
by the larvae for the production of silk for the cocoon, and liy 
some adult forms {Vespidw, etc.) for the secretion of a c(‘ment 
for strengthening the nesting materials. The sfiinnerets in 
the larvae of Tenthredwidw are situated in the labium. 

In some Apoidea, wax is secreted on plates on the 
abdominal segments by unicellular glands ; thes(‘ glands 
reach their highest development in the hive- bee (Apin 
mellifica). 

The reproductive system is complex ; the number of egg- 
tubes in the female on each side varies considerably. Digger- 
wa^s have only three egg-tubes, whereas Apis has about five 
hundred. Sperm athecae are present and are well developed 
in those insects which pair in the autumn and pass the winter 
in a state of inactivity. 

A full account of the anatomy, both internal and external 
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of the hive-bee m contained in Cheshire’s Bees and Bee-keeping, 
2 vols. 

The eggs are rather elongate on the whole, and in some cases 
are stalked. Jn the “ digger wasps ” and the Eumenidm the 
stalk is short, the egg being suspended from the roof of the 
cell ; in Biorhiza apiera {Cynipidcp) the stalk is long, though 
the purpose of the stalk in this case is somewhat obscure. 
The number of eggs laid by an individual female varies 
immensely. The “ digger wasps ” only lay about thirty eggs, 
while in the other extreme Vespa lays about 20,000 per annum. 

Polyem bryony, i.e. the production of several larvae from one 
egg, is known to occur in one family of the Chalcidoidea. The 
form of the larvae varies consid(‘ra})ly. The larvae of the 
Tenthredinida^ which usually feed openly on plants, bear 
a great resemblance to Lepido])terous caterpillars in being 
cylindrical, thirtcen-segmented and provided with three pairs 
of thoracic legs and a number of transitory pro-legs on the 
abdominal segments. The larva? of the CephnUv and Siricidw 
are also free-living, but feed in the stems of plants or in solid 
timber where efficient organs of locomotion are not an essen- 
tial factor for their development. In the Petiolata, however, 
the larva? are vermiform and comparatively helpless, being 
dependent for food on a gall formation, the tissues of a host, 
or food brought or stored by the parent insects. These larva*, 
though legless, have a distinct head and mouth-parts. When 
mature the larva? in most cases spin a silken cocoon in which 
to pupate ; many larva? of Cynipid(r do not spin a cocoon, 
but pupate in the cavity of the gall. The pupae are free, 
i.e. the legs, wings, and antenna*, though covered with the 
, pupal skin, hang free from the rest of the body. 

The food of both larva? and adults is also extremely varied ; 
the following table will show the food habits of some typical 
Hymenopiera in the larval and adult stages : 


Cephidm 

Tenthredinidce 

Siricidee 

Cynipidee 


Larva. 

. Stem-borer 
. Leaves, fruit, etc. 

. Wood 

. Galls— some parasitic 


Imago. 

Visits flowers. 
Pollen, some 
carnivorous. 

Visits flowers. 
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Chakidoidea . 
Ichneutnoiiuhr 
Mntillida^ 

ScoliidcE, S})h€Coidea. 

Pompilidw 
Ve^pidcp 
Apoidea (some) 
ForniicidiP 


Larva, 

l^irasitic (some eat seeds) 


Imago, 


Visits flowers. 


Paralysed insects ston'd 
by parent 

Plant juice and insects Sam<‘ as larva. 

Honey and pollen 

Omnivorous 


The Tenihrfdinida\ Cephidiv, and Siricida' hibernate as 
full-fed larv(e, though many Sirieida> take more than one 
year to complete their development. Tlu' Ffpnpidai usually 
remain as larva^ in the galls, but one species, liior/rizi aptera, 
actually emerges in November. Most of tlu' |)arasitic and 
aculeate Hymenoptera hibernate as adults ; th(‘ fi'mak* s(‘x 
alone is often the survivor, the males dying off in autumn. 
Both sexes of Aadretia (Apoidea) liibernate in tin' larval 
burrow ; though they actually emerge from th(‘ pupa in 
autumn, the insects do not fly till Aj)ril. 

Very few birds will eat Hymenoptera, with the exception of 
the cuckoo, a bird which apparently delights in such unpalat- 
able insects as Tenthredinid larva* and hairy L(‘pidoj)t(‘rous 
caterpillars. The Acukaia are usually left aloia* for obvious 
reasons. 

Many of the Hes.silirentres are attackc'd by the* hosts of 
piirasitic Hymenoptera , which in turn sufhr from liypcT- 
parasites. 

Dalla Torre has catalogued the known spi'cics in ('atahgns 
Hymenopterorum, 1892-1902. Most of the famili(*s have* been 
monographed in Genera Inseclornm, chiefly by Konow, KieffcT, 
Dalla Torre, and Szepligeti. 

There are about 4,000 sjxx^ies rc'ccjrded from Britain ; 
Saunders has described the British Acnkatei (Trans. Ent. Hoc, 
London, 1880, 1882, 1884). 

The Hymeiioptera do not contain many serious pests ; the 
Sessiliventres, Phytophagous Chakieloidece and some Fhrmicielce 
are the main groups on the black list. On the other hand, 
there are numerous beneficial insects ; these are the Parasitic 
Hymenoptera, which destroy enormous numl)ers of caterpillars 
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and aphides, and the “ digger wasps ” and Eumenidoe, which 
catch various kinds of insects for their young. 

The social wasps (Vespidce) also destroy large numbers of 
caterpillars and flies, but are sometimes troublesome when 
they turn their attention to ripe fruit. A few tropical species 
of ants are useful in clearing houses of Termites, rats, and 
other vermin. Among the most useful of insects are the 
flower-visiting bees, as they probably pollinate more flowers 
than all the other flower-visiting in.sects put together. 

h inally there is the hive-bee (Apis mellifka), which furnishes 
mankind with both honey and wax. 

The classification of the Hynmwptera has been undergoing 
radical changes recently, ten super-families or groups having 
been formed. Under the old scheme of classification the 
Petiolata were divided into three groups, viz. : Parasitica, 
Tiibulifera (Chrysidie only), and Acukata. The Parasitica was 
not a natural group ; they were not all parasitic in habits, as 
they contained the Cynipidm and of course the Phytophagous 
Chalcids. Moreover the structural characters of the Parasitica 
vary inter se to a considerable extent. 

The old terms Sessilii'cntres and Petiolata will be retained 
here, as they form two very sliarj)ly tlefined divisions of the order. 
The Hymenaptera may now be classified as follows : 

A. SESS 11 J VENTRES. 

No marked constriction at the base of the abdomen. 
Thorax and abdomen approximately equal in breadth. 

Super-family or Group I. Tenthredinoidea. 

Diagnosis as for Sessilirenlres. Four Families 

Cephidw, Siricidm, Oryssuhe, Teuthredinidir. 

B. PETIOLATA. 

Deep constriction at base of first abdominal segment 
(apparently first abdominal segment) conspicuously 
separating the abdomen from the thorax. 

II. Cynipoidea. 

Body laterally compressed. Trochanters undivided ; 
stigma absent, wings and tegute .sometimes absent. 
One F&mUy—Cynipidw. 
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III. Serphoidea, 

Small. Usually winged, but venation reduced. First 
abdominal segment not elbowed. Two Families— 
ProctoirypidcPy Pehcinidw, 

IV. Chalcidoidea. 

Small insects ; antenna? elbowed. Usually winged ; 
wings with usually only one longitudinai nervure. 
Pronotum not reaching tegula? ; ovipositor not tenninal. 
Frequently metallic. Twenty Families (see j). 491). 

V. Ichneumonoidea, 

Trochanters usually divided. First abdominal seg- 
ment elbowed. Cutting edge of mandiblt‘s turned 
outwards, their tips usually neither me(‘ting nor over- 
lapping when the mandibles are iiexed towards the 
mouth. Five Families- Ichmmonid(t\ lirarovid<r^ 
Evaniid(t\ St( phavid(t\ Trujoriolidiv. 

VI. Chrysidoidea^ 

Hairs simple, not branched or plumose. Abdonum 
with three segments visible from above ; segments 
beyond third, hidden. One Family Chrysidw. 

VII. Vespoidea, 

Wings usually well developed. Hairs simple. IVono- 
tum reixching tegula\ 'Trochanters undivid(‘(l. Cutting 
edge of mandibles turned inwards, th(‘ir tips me(‘ting 
or overlapping when mandibles ar(‘ flexed towards the 
mouth. Ten Families Dryividfp, HeolUdiv^ 

Sapygidcpy Mutilhdw, Thynnidiv, P(>mpUidn\ hhonenida^ 
Ve.spidiF, Masaridw. 

VIII. Sphecoidea. 

Pronotum not reaching tegula* ; posterior legs short. 
Fourteen Families — (see j). 51,7). 

IX. Apoidea. 

Dorsal hairs branched or plumose. Hind tarsi 
dilated. Seventeen Families — (see p. 516). 
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X. Formicoidea. 

First abdominal segment (sometimes also the second) 
forming a knot or scale strongly differentiated from 
the remaining abdominal segments. One Family — 
Formicidie. 

Groups VII, VIII, IX, and X constitute the old division 
Acnleata. 


Group 1 . TENTHEEDINOIDEA 

All the families in this group constitute the Sessiliventres 
and may at once be distinguished from all other Hynmwptera 
by the broad attachment of the abdomen to the thorax. Four 



Fig. 1C3. — Larva of Tenthredinid (Neniatus rihesii). 


families will be dealt with in this work, though many sub- 
families have been raised to family rank ; however, as these 
four families are very distinct, both in structure and habits, 
it will not be necessary to study their sub-families. 

With one exception (Oryssidce) the members of this group 
are phytophagous in the larval state, and of considerable 
economic importance. 

The Temthredmoidea are widely distributed all over the 
world, but are more abundant in temperate regions than in 
the tropics. 

CeI'HIILE. 

Stem Saw-flies. 

Prothorax long, free ; fore tibiae with one spine. 0\1- 
positor short, external. 

Cephidce are widely distributed throughout the temperate 
regions ; they have been found in North America, Mexico, 
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Japcan, Britain, Sweden, and the Continent from Spain to 
Russia. 

Stem saw-flies are rather slender, fragile insects, usually 
blackish, marked with yellow bands and spots. The wings are 
iridescent in the male and dull in the female. The ant eniue are 
eighteen- to thirty-jointed, the first two joints being short and 
thick, the remainder slender, but gradually thick(‘ning towards 
the apex. The mouth-parts are rather weak ; tlu' labium is 
three-lobed and bears a four-jointed ])alp. The maxillary 
palpi are six-jointed. 

The female deposits her eggs by means of Iut ovipositor in 
the stems of wheat, grass, etc. 'Fhe (‘gg hatclies in about a 
week to an elongate footless maggot which at once commences 
to tunnel up and down inside the stem till mature, when it 
burrows down to the lowest part of the stem and s|)ins a silkcai 
cocoon in which it passes the winter. Ihe larva j)upates in 
spring, the adult flies emerging in June, when th(‘y may In* seen 
frequenting Umbelliferous flowers. 

Besides grasses and wheat, Cephido' Iiav(‘ be(‘n brc‘(l from 
oak, willow, reeds, and brambles. 

Ichneumons have been recorded as parasitizing ('epliuhr, 
but not to cause any appreciable reduction in their numlxTs. 

t^ameron has dealt with the British sp(‘ci(‘s in his Alonograjfii 
of the British Phytophagous HymeHoplmi. jaiblislu'd by the 
Ray Society in 1890. The Cephidtr haw also be(‘n mono- 
graphed by F. W. Konowin (Genera Inmionnu, I'asc. 27 (1905). 

There are nine British species recorded, but only about two 
are common. 

Stem saw-flies do considerable damage to wlieat in America 
and on the Continent. The most destructive' species are 
Cephns pygmmis in Europe and Cephus orndnitalrs the 
“ Western Grain Saw-fly ’’—in U.S.A. and Canada. 

The damage is done by the larvae tunnelling in the stems, 
with the result that the ears bear few grains. A slight wind 
is quite sufficient to break the stems of wlu'at when they 
are infested with larvae. 

Th^ control measures usually adopted are : 

1. Burning the stubble after the corn has been cut, so as 
to destroy the larvae in the lowe.st part of the stalk. 

2. Deep ploughing, to destroy the hibernating larva?. 
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3. After harrowing, collecting the stubble in heaps and 
burning it. 

Cephus pygmmis does not do much damage in Britain, but 
on the Continent it is regarded as a serious pest. 


Wood-borers, Wood-was 2 )s. 

Ovipositor long. Anterior tibiae with one spur ; integu- 
ment hard and strong. 

SiricidcK are widely distributed, being found in Euroj)e, 
North America, India, Malay Archipelago, and South America. 

These insects are usually large and thick- set ; they are black 
or metallic, sometimes banded and marked with yellow. The 
head is globular in shape ; the antennse are moderately long, 
filiform, and inserted between the eyes. The mandibles are 
strong and tridentate. The prothorax is well developed and 
the mesothorax has a transverse lino in front of the scutel- 
him. The females are provided with a strong projecting 
ovipositor. 

The eggs of Sircx are laid in the wood of various coniferous 
trees, especially larch, jiine, and spruce. The larva% which 
are cylindrical and yellowish-white in colour, bore galleries 
through the solid wood. When mature, they pupate at the 
end of a gallery close to the outer surface, so that the imago 
may readily force its way to the exterior of the tree. 

persvaaoria (Ich^eumonidce) is parasitic on the 
larvae of Sirex in Britain. By some unknown means the 
parasite locates the burrow of its host in the wood and thrusts 
its slender ovipositor through the solid timber. 

The Siricidce have been monographed by F. W. Konow, 
in Genera Insectorum, Ease. 28 (1905), and the British species 
by Cameron (see Cephidee), 

There are four British species — Sirex gigas, S, juvencus, and 
two species of Xiphydria. Several Continental and American 
species have been recorded in Britain, but have probably been 
imported in timber and furniture. 

It may be mentioned here that Xiphydria and allied genera 
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have been placed in a separate family — Xiphjdriuiiv, Here, 
however, they are retained in Siricuhr. 

Sir ex is not sufticiently common in Britain to cause any 
serious damage, but on the Continent the damage to the pine 
forests is very serious. It is, moreover, a very ditticult pest to 
control. Fallen trees should be removed and burnt, as they 
are often infested with larva*. Tlie e.xit holes mad(‘ hv the 
insects will afford a ready means of determining whether a 
tree is attacked or not. 


Oryssid.k. 

Antennae placed below level of the eyes and immediately 
over the mandibles. Anterior tarsi three-jointed in the 
female and five -jointed in the male. Front tibiae with one 
spur ; mandibles without teeth ; female with ovipositor. 

At present very little is known of the habits of Oryssuhv, 
but it has been proved that Orymts omdenlalis is parasitic 
on the larva* of wood-boring BuimMuhv, 

Orys.sns ahielirus is th(‘ only s])ecies whicli is found in 
England, but it is very rare. 

The family has l)een monogra|)hed in (levmi IvsecUmiw, 
Ease. 28, by E, W. Konow ; evidence of tin* parasitic liabits 
of Orysmis appeared in the Proceed in (js of the EniomoJoyical 
Society of Washingtoii, vol. XIX (HH7), by Ihirke and Rohwer. 


TKNTHREDINinyK. 


Saw-flies. 


Pronotum small. Anterior tibiae with two spurs. Female 
provided with a saw. 

This is a widely distributed group, being found in nearly 
every quarter of the globe, but they are more commonly found 
in the northern temperate regions than in the tropics. Several 
species have been recorded from Iceland and Spitzbergen. 

Saw-flies are moderate-sized insects, rather heavily built. 
The abdomen is broadly attached to the thorax. The antennae 
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are three- to forty-jointed. The ovipositor of the female takes 
the form of a saw, and is usually concealed. The mandibles 



Fid. 104. — Tenthredimh ’ — Saws of 
Saw-fly. 


(/allicola on willow leaves, 
majority of saw-fly larvje f( 


are short and thick ; the 
maxillae have two lobes and 
a six-jointed palp ; the labial 
palps are four-jointed. The 
wings are frequently iride- 
scent or smoky ; in one 
species the female is apter- 
ous. 

The eggs are laid in the 
tissues of the food-plant, 
either in the leaf or in the 
petiole. The larvae hatch 
out and rapidly devour 
the leaves. Some species 
make galls, notably Nematns 
others are leaf-miners, but the 
?d openly on the leaves after the 



Fio. 165. — Tenihredo mesomelus. (x 3. 


manner of Lepidopterous larvae. Saw-fly larvae differ from 
Lepidopterous caterpillars by possessing six to eight pairs 
of pro-legs, whereas caterpillars never have more than five 
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pairs. When mature, the larva> usually burrow into the soil 
and spin silken cocoons in which they j)upate. There are 
frequently two broods produced in the year, but the winter 
is always passed in the larval stage in the cocoon and not 
as pupae. The adult hies appear in .June, and where there is 
a second brood, in July and August. Many species are pollen- 
feeders, but others are carnivorous, especially those belonging 
to the genus Tenthredo. Parthenogenesis often (K‘curs, males 
or females, or more rarely both sexes, being producetl from 
unfertilized eggs. 

The larvaB of Tenihredvnidiv are frequent Iv narasitized l)v 
Tachinidm, Ichneumonidiv, and 
Chalcidce. Many species are 
distasteful to birds, but cuckoos 
have been observed to feed on 
the larva) of Nematus ribem. 

This species is also attacked 
by wasps ( Ve.spa), 

The Tenthredinid(v have l)een 
monographed in (lenera Insed- 
ornm, Ease. 29 (lOOu), by E. W. 

Konow, and the British species 
have been described by 
Cameron. 

There are about 2,000 species 
known, of which nearly 400 
are found in Britain. 

The economic importance of 
the Tenthredinidm is consider- 
able ; the larvae do much damage by defoliating trees and crops, 
while a few species attack apples, pears, and plums : Hoplo- 
campa iestudinea, the “Apple-fruit Saw-fly,” is a notable 
example of the latter class. 

Among the leaf-eaters the cosmopolitan turnip saw-fly, 
Aihalia spinarnm, and the currant saw-fly, Nernaius ribesii, 
are worthy of mention. Lophyrus pini and Nermlns erichsoni 
often cause serious damage to pine and larch plantations 
respectively. 

The measures adopted for control necessarily vary according 
to the species in question and the prevalence of the pest. 



Fig. lOft. — Head of LitphijruH 
Rufus S. 
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In small gardens and orchards the larvae may be hand- 
picked : this is an efficient method, as the larvae are easily seen 
and are often markedly gregarious. 

By turning over the soil under the trees in winter, many of 
the hibernating larvae are exposed and either die from exposure 
or are eaten by birds. An alternative method is to dig the 
cocoons deeper into the soil, so as to prevent the perfect insects 
emerging in spring : these cultural methods are perhaps the 
most satisfactory, though arsenical sprays have been used with 
some success. 


Group II. C YNIPOIDEA 

Body laterally compressed ; trochanters undivided ; 
stigma absent ; wings and tegulae sometimes absent. 

Three families have been recognized, but the classification 
adopted by Kieffer and Dalla Torre in Oenera Inmtonmi will 
be adopted here, viz. : One family, Cynipidw, with eight 
sub-families. 


CYNiriD.i!:. 

Gall-wasps. 

Small to minute insects, seldom exceeding 5 mm. in length ; 
the fore-wing with no stigma and not more than five closed 
cells ; hind- wing with two or three nervures. Antennae 
straight with less than sixteen joints. The pronotum 
reaches the insertion of the fore -wings. 

Cynipidce are widely distributed throughout the world but 
are more in evidence in the northern temperate zones, especially 
where the oak is to be found. 

The antennae are not elbowed and are always less than 
sixteen-jointed ; the male usually has one, sometimes two, 
joints more than the female. The wings are rather sp&rsely 
veined and never have a stigma ; the margin of the wings 
may be fringed with hairs and sometimes the surface is 
hairy. 
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The mandibles are short and strong, and usually tootlied. 
The labium is entire and truneated. The inaxiihe liave an 
outer lobe and a four- to five- jointed palp, but the inner lobe 
is absent. Tlie troehanters are not divided. 

The females lay their stalked eggs in the eanibium tissues 
of plants. In due course the larva hatches out. and the 
formation of the gall commences. Tlie larvie are tleshv, 
whitish in colour, and have no legs. The mature larva' do 
not spin cocoons, but pupate within the gall, and the perfect 
insect finally bores its way out of the gall. So far as is known 
the adults do not feed much, nor do they fly very far. Wlu'n 
alarmed many species feign death in order to escape their 
enemies. The galls are to be found on many kinds of vegeta- 
tion, though the majority are to be found on the oak. (iosifly 
allied species of Rhoditen are 
remarkable for tlie widely 
divergent types of galls that 
they make on rose trees. 

There are several spe(‘ies of 
Ctfuipida: in which the mah^ is 
unknown, the parthenogenetic 
female alone being represented. 

An alternation of generations 
is fairly common ; the case of 
Biorhiza aptera and Andrievs 
ierminalis may be quoted. 

The former, which occurs in («.) „ fore-winK. (b.) - iiiiui-winK, 
autumn, is rather large and 

wingless, and of the female sex only ; these lay their eggs in 
the buds of oak and produce the well-known “ oak-apple ” 
which gives rise to the bisexual Andricus UrrniKalhs in fJune. 
Another interesting case is that of RhoditC'S r(mv, w hich forms 
the common “ bedeguar ” galls on roses. The male is 
exceedingly rare in comparison with the females, which have 
been proved to be parthenogenetic. 

'fhere are three main classes of Cynipidm : 

1. The true gall-makers. 

2. The inquilines or “guests,” which lay their eggs in the 
galls of other species. 

3. Parasites — chiefly attacking Aphides, Diptera, Cokoptera, 
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/S’irea:, Hermrobius^ and also found as hyper-parasites on 
Aphides. 

The Cyni'pidm have been divided into eight sub-families, 
of which the most important are the Figitmce, the Ibaliinm, 
and the Cynipinm. These sub-families are all based on 
structural characters, but in a general way it may be said that 
the Figitmm and the Ibaliinm are parasitic and that the 
Cyniphm comprise the gall-makers and inquilines. 

The Cynipidm are parasitized to a great extent by Chalci- 
doidea. The gall-makers are kept in check by the hosts of 
inquiline Cynipid(e ; sometimes the inquiline and the original 
gall-insect both reach maturity, but usually the inquiline 
causes the death of the legitimate tenant. 

I'liere are about 180 British species recorded ; the majority 
of the Cynipvmv. are to be found on oak trees throughout the 
country. The Cynipidm have been monographed in Oenera 
Inmiorum by J. J. Kieffer and K. W. von Dalla Torre, Fasc. 
9 and 10 (1902-1903). The British species are described by 
(yameron in British Phytophagous Hymenoptera^ vols. Ill 
and IV. 

Cynipidm are not of great economic importance, except in 
so far as the formation of large numbers of galls interferes 
with the growth and health of the host plant. 

Cynips kollari, “the Marble Gall,’' when numerous, is 
apt to stunt and distort the young oaks. 

Diastropkus turgidm in America forms galls on the roots 
of the raspberry and bramble, and Cynij^s ohm is recorded as 
a pest on olive in Italy. 

Group III. BERPHOIDEA 

Small. Usually winged, but venation reduced. First 
abdominal segment not elbowed. 

Formerly this group was termed “ Oxyum ” and comprised 
the family Proctotrypidce. According to the latest classifica- 
tion, the Proctotrypidce have been split into seven new families, 
and placed along with the Pelecinidce, to form the Serphoidm, 
The old family name of Proctotrypidce will be retained here as 
a whole, and the Pelecinidce will be dealt with separately. 
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pR()(T()TRYril).K. 

Small insects with few or no nervures in the wings. 
Prothorax reaching back to the tegulae. Ovipositor 
terminal. 

These insects are widely distributed in EiirojH' and North 
America, where they have been studied to s(»nu‘ I'xtent. As 
yet little is known of the habits and distril)ution of the group 
in Africa and Australia and Oriental Asia. 

The antennae are seven- to fifteen-jointed and may be either 
straight or elbowed. The mandibles are usually tootluHl anti 
the maxilla) are bilobed and bear a two- to six-jointed |)alp. 

The venation of the wings varies eonsidtTably, tin* stigma 
being usually well defined, but some s})eeies possess no st igma 
and hardly any nervures ; not infn^quently th(‘ wings an* 
absent in one or both sexes. 

The trochanters may be divided or undivided. Tbt*. 
abdomen is pointed, and oft(*n dt'llexed at the ti]). In the 
female, the ovipositor issues from the tip of the abdomen ; 
this character serves to distinguish them from the ChaU hlouha, 

So far as is known the ProciotrypiiUv jire all |)arasitie in the 
eggs or bodies of insects and spiders. Pu|)ati()n takes place? 
in the egg-shell of their host, or within the dead body of their 
victim. In the case of those species whicli infest tlie larva? 
of Coleoptera, the parasites gnaw th(*ir way out a certain 
distance before pupating. 

There are several British species recorded. 

The Proctotrypidm of North America have been monograj)h(‘d 
by Ashmead (1893). J. J. Kieffer has listed most of the 
families in Genera Insectormn: — Ceraphronidee, Fasc. 94; 

Ease. 95 ; B elytidee, 107 (1910); Diapriidm, 

Fasc. 124 (1911) ; Scelionidce, Fasc. 80 (1908) by C. T. Brues, 
with additional notes by Kieffer (1910). 

The Proctotrypidee are very beneficial insects, as they arc 
parasitic on the most destructive of insects. Phtygaster 
herrickii is a parasite of the Hessian fly (Cecidornyia deMnictor). 
The following list of families and their hosts will serve to show 
how beneficial these parasites are in reducing the numbers of 
pests. 
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Platygastridce. 

Parasitic on the larvae of Cecidomyiidm and Tipulidce ; also 
recorded as a hyper -parasite on a CtcidoTfiyUd which was 
parasitic on aphides. This family also attacks Aleurodidm' 

Scelionidce. 

These are all egg parasites. One genus has been recorded 
as parasitizing the eggs of aquatic insects. Species have 
been bred from the eggs of the following insects :—Bomby- 
cidce Noctuidce, Arctiidce, Oeomeiridm, Pentatomidce, Aradida’, 
Coreidm, Pyrrhocoridce, Carabidce, Oryllidce, Acridiidce, and 
spiders. 

Ceraphronidm. 

Parasitic on the larvae of Cecidomyiidm and Aphidae, 
HeloridcR. 

Bred from the cocoons of Chrysopidw, 

Diapriuke. 

Parasitic on larvae of Diptera. 

Belytidce. 

Parasitic on larvae of Diptera. 

Serphukv. 

Bred from larvae of Coleoptera and Diptera living in fungi. 


Pelecinid^. 

Female with a very long abdomen. Trochanters not 
divided. 

Little seems to be known of the habits and distribution of 
this family, but one species, Pelecinus polyturator^ is quite 
common in America, where it is parasitic on the larvae of 
cockchafers. 

The female can be at once recognized by the extraordinary 
length of the abdomen, which may be two inches long or more ; 
the male, however, is of normal proportions. 
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Group IV. CHALCIDOIDEA 

Small insects ; antennae elbowed ; usually winged ; wings 
with usually only one longitudinal nervure. Pronotum not 
reaching tegulae. Ovipositor not terminal. Frequently 
metallic. 

This is a very extensive group of Hymcnoptera, thousands 
of species being recorded from all parts of the world. 

They were previously all relegated to the family Chalcidce 
(Chalcididw), but now they are separated into twenty families. 
They are chiefly parasitic and their habits are all more or less 
similar, but special reference will be given to those species 
which are phytophagous.- 

The families are all based on small structural characters, 
hence it will not bo necessary to mention them except those 
likely to come before the notice of the Economic Entomologist 

The Chalcidoidea may be classified into the following 
families.^ — Myrnaridai, TrichogramnikUv, Tetrastichidie, Kutedon- 
lidw, Eulophidee, Elamnidw^ Elachertida’, Pteromalid(i\ Spahin- 
(jidce, Tridymidw, Aphelinidce, KneyrtidiP, SigiiiphoridfP, Knpd~ 
7nid(B, Callimomidau Kurytomidip, Perilarjipidaj, Evrfmrid(p^ 
Chalcididw, Leucospidcp. 

Chalcids are small insects, frequently minute, with the 
exception of Leucospis gigas — and often of })right metallic 
coloiu’s. 

The antennae are seven* to thirteen-jointed and elbowed. 
The fore-wings usually have one vein proceeding from the base 
and running parallel with the front margin, then, uniting with 
the costa, it gives off a short and rather thick branch towards 
the middle of the wing. This small branch is sometimes 
forked or clubbed. 

Apterous forms are to be met with in both sexes. 

The parasitic forms attack the eggs, larvae and pupae of other 
insltcts, and in the case of AphuUp and Coccidm the adults are 
parasitized. No insects appear to be free from their attacks, 
gallicolous Cynipidee, Lepidoptera in all the early stages, and 
Diptera are most frequently parasitized. Hyper-parasitism 
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sometimes occurs : Pachycrepis sp. is parasitic on a Braconid 
which attacks Aphids. 

The most interesting of the parasitic forms are the Mymaridm. 
These insects, which were previously classed with the Procto- 
irypidce, are very small indeed and are parasitic on the eggs 
of other insects. The wings are very narrow and fringed with 
long hairs. Some of these minute Chalcids pass their early 
stages in the eggs of dragon-flies and possess the faculty of 
swimming under water. In the family Eurytomidce are to be 



Fig. 168 . — Nasonia hrcmvornis, n pupal paruaite of the Blow-fly 
(greatly onlarg^). 

found several Phytophagous species, which are regarded as 
pests in America. The most important of these are Isosoma 
triticiy the “ Wheat- joint Worm ” ; Isosorm hordeiy which 
attacks barley ; Bruchophagus funebrisy which feeds as a larva 
in clover and lucerne seeds ; and Euoxysorm vitisy which 
feeds in grape seeds. 

Megastigmus spermotrophus lays its eggs in the seeds of 
Douglas Sly and has lately been causing considerable damage 
in this country. 

About 4,000 species of Chalcids have been described, of 
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which 1,400 are British. No doubt many more will bo 
discovered. 

The Chalcidoidea have been monographed in Genera Imeci- 
oriim, Ease. 97 (1909), by 0. Schmiedekneeht. Claude 
Morley has catalogued the British sj^eeies. Hr it. Mu ft. Nat, 
Hist. (1910). 

The economic importance of the grouj) is considerable. 
The parasitic forms are very beneficial in reducing the numbers 
of caterpillars and flies. On the other hand the Phytophagous 
species are very injurious to their food-plants. 

Isosoma (Harmolita) iritici forms galls at or near the joints 
in wheat stems ; the larvae feed within the gall, and when 
mature hibernate therein and pupate in spring. 

The fig-insect, Blastophaga grossorum, is a very interesting 
Chalcid, which is considered to be an essential factor in the 
development of the fig. The male is apterous, but the female* 
has well-developed wings. It appears that tlu^ fig-insiHjts 
breed only in the wild figs and that the males do not leave the 
fruit but fertilize the females, which fly away to d(‘posit their 
eggs on other figs. The cidtivated fig, however, seems to be 
unsuitable for the development of the insect, but as the feinah^ 
wanders about the young figs, they are fertilized by thi' pollen 
which the Blastophaga has carried from the wild fig. Kor this 
purpose, branches of wild figs containing Blastophaga arc^ 
hung up in the orchards of cultivated figs, so that the pro(a‘ss 
of “ caprification,'^ as it is termed, may be accoinplish(‘d. 

Group V. ICHNKUMONOIDKA 

Trochanters usually divided. First abdominal segment 
elbowed. Gutting edge of mandibles turned outwards, 
their tips usually neither meeting nor overlapping when the 
mandibles are flexed towards the mouth. 

This is another large group of insects, consisting of an 
enormous number of species. The constriction between the 
abA)men and the thorax is very strongly marked and the 
trochanters are nearly always divided. 

There are five well-defined families, viz. IchtienfruMidw^ 
Brarxmidoe; EvaniidcBy Stephanidw, Trigmialidm. 
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The last two families are apparently rare and little is known 
of their habits. Four other families have been placed in this 
group ; VipionidcE, Alysiidce^ and Capitonidm are placed by 
Szepligeti in Gmera Insectorum along with the Braconidm, and 
the BancMd(v are included in the Ichnemnonidm (Morley). 


rcHNEUMONiDiK (including Banchid(p). 

'' Ichneumon-flies/’ 

Trochanters divided. Antennae not elbowed. Wings with 
a well -developed system of venation. 

The Ichneumonidw comprise some 6,000 species from all 
parts of the world. 


, StigmcL 



Fio. 109. — Ichnemmnidce. Diagram of Fore-wiiig. 
(The three cells across the wing are each shaded differently.) 


They appear to be as common in the temperate regions as 
in the tropics. 

The size varies greatly. They are often black, conspicuously 
marked with yellow or red spots and bands. Species of the 
genus Ophion are usually bright red in colour with no markings. 

Apart from structural characters, Ichneumons can generally 
be recognized in the field by their short, jerky flight and 
constantly vibrating antennae. 

The antennae are rather long, usually filiform, and many- 
jointed. The pronotum is short, but extends laterally to the 
insertion of the fore- wings. The legs are long and the division 
of the trochanters is well marked. The female usually has 
the ovipositor projecting beyond the extremity of the body. 
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The ovipositor is sometimes much longer than the body of the 

insect. 

The wings are usually well developed, though apterous forms 
are not uncommon. Pezomachus is a common Britisli wing- 
less Ichneumon. 

Ichneumons are all parasites and usually select Lepidopterous 
caterpillars and saw-fly larva) as their victims, though many 
other insects and spiders are attacked. Tlie egg is laid either 
on the skin or in the body of the host, and a li‘gless larva 
hatches out. 

Rhyssa persnasoria, a large Ichneumon which is found in 
Britain, selects the larva) of Sirex for its host. The long 
ovipositor is thrust into the wood and an (‘gg is laid in th(‘ 
burrow of the Sirex larva ; the young Ichiuannon larva on 
hatching seeks out the Sirex larva and feeds on it as an 
external parasite. 

Most Ichneumon larvae, however, are internal parasites, 
living inside the host and feeding on the lymjdi, tlu' vital organs 
not being touched, as this would result in the premature death 
of the host and the subsequent starvation of tlu* i)arasit(‘. 

The host usually attains full growth before death, hy which 
time the parasite is also mature. 

Pupation usually takes place in a silken cocoon, oHen inside 
the cocoon of the host. 

The general life-history of the IchneamomiUv is fairly uniform, 
tliough mention should be made here of A(jriotypm armulus 
a species which has the faculty of going under water for the 
purpose of laying its eggs in the larva) of (’addis-fli(‘s. 

There are over 1,^200 species recorded from liritain. These 
have been treated by Claude Morley in Jintish frhneiwums. 

The following is a list of references in Genera I nseclorum : 


Ease. 18 (1904) 
„ 34 (1905) 

„ 62 (1907) 
„• 75 (1908) 
„ 114(1911) 


sub-fam. Ichneumonmce, by V. Berthoumieu. 

,, Ophiwiuhe, Pharsaliintv y etc., by 

G. V. Szepligeti. 

„ Pimplince, by 0. Schmiedeknecht. 

„ Cryptime, by 0. Schmiedeknecht. 

„ Ophionidm, etc., by G. V. Szepligeti. 


The family has been catalogued by Morley in Revinion of 
the Ichnmnumidne, Brit, Mus. Nat. Hist. (1912). 
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The economic importance of the Ichneumonidce is enormous. 
As they are chiefly parasitic on Lepidoptera, they materially 
check the numbers of caterpillars which infest nearly every 
crop. 

Some Ichneumons are troublesome when they confine their 
attentions to silk-worms and collectors do not welcome their 
presence when rearing rare butterflies and moths. These two 
cases must be ignored, however, in view of the enormous 
amount of good that they do in destroying caterpillars that 
are injurious to crops. 


BRACONiDif: (including Vipionidm^ Alysiidce^ and Capitonidce). 

Antennae long, not elbowed. Abdomen not inserted on 
apex of median segment. Fore-wings with four cells across 
the wing from the stigma to the inner margin, and the space 
between the cubital cells and the anal cell not divided by a 
nervure. 

This is a very large family and appears to be widely dis- 
tributed all over the world. 

Braeonids are rather similar to Ichneumons at first sight, 



Fia, 170. — Bmconidce. Diagram of Fore-wing. 
(Tlie four cells across the wing are each shaded differently.) 


but can be readily distinguished by comparing the venation 
of the fore-wings. As a rule, the Br&-conids are smaller and 
duller than Ichneumons, but some of the tropical forms are 
large and brightly coloured. The wings are often banded or 
blotched. 

Most of the Braconidoe are winged, but in a few rare cases 
the female, or even both sexes, are apterous. The head is 
rather large, with long antennae. The abdomen varies in 
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shape considerably and in the female there is usually a long 
ovipositor. 

The life-history of the Braconidw is very similar to that of 
the Ichneumoiiidce, 

They are all parasitic, and most of them live inside the body 
of the host, usually Lepidopterous larvie, though Dipterous 
larvae, aphids, and ants are also parasitized. 



Fio. 171. — Alyma rnanducator, (x 6.) 


The smaller forms such as Microgaster and Apanieles are to 
be found in large numbers within the body of a single host : 
sometimes over 1,000 parasites have been bred from one 
caterpillar. 

Tke larvae when mature spin masses of yellow or white 
cocoons on or near the body of the victim. 

The Braconidce have been monographed by G. V. Sz^pligeti in 
Oenera Lnsectorum, Ease. 22 (1904). Marshall has described the 

K K 
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British species in the Transactions of the Entomological Society 
of London, commencing in 1885. 

Further information about the British Braconidce appeared 
in the Entomologist, 1920-1921, by Lyle. 

The Braconidce are of great value to the agriculturist. 
Apanteles and Microgaster appreciably reduce the number 
of caterpillars in this country, and Ehogas lefroyi is a very 
important check on the spotted bollworms, Earias insulana 
and E, fabia, in India. 


Evaniid^. 

The petiole of the abdomen is attached to the upper part 
of the median segment. Antennae filiform, thirteen- to 
fourteen-jointed. 

The Evaniidce are widely distributed throughout the 
temperate and tropical regions. 

Foenus {Gasteruption) jaculator is a common British species. 



Fig. 172. — Evaniidoe. Thorax of Foenus, showing Insertion of Abdomen. 

The pronotum is rather short. The posterior legs are rather 
long, the tibiae being frequently clubbed at the distal end. 
The trochanters are divided, though very imperfectly, the 
distal portion being very small and hardly to be distinguished 
from the longer proximal joint. ^ 

The Evaniidce are all parasitic in habits. The species of 
the genus Evania lay their eggs in the egg capsules of Blattidce, 
and Auhcus lives at the expense of Siricidce (Xiphydria) 
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and a few species of Cerarnbycidce. F(mms (Gasterupiimi) is 
parasitic on ApidcBy VespidcBy and Sphecouku, and may be 
seen in this country searching wooden posts, fences, etc., 
for the nests of their hosts. 

A monograph of tlie Ktmiiidw appeared in Genera J n. sector uvi^ 
Fasc. 2 (1902), by J. J. Kieffer. 


StEPIIANIDvE. 

Antennae many- jointed. Abdomen attached to lower 
part of the median segment. Wings with a costal cellule. 
Trochanters divided. 

There are only about 100 species of Stephanidiv known from 
various parts of the world. They occur in the tropics and 
have been found in France and Germany. 

There are no British species. 

The head is globose, and the antennae are very long, being 
composed of thirty to seventy joints. Tlie maxillary palps 
are also rather long, and five- jointed. The wing venation is 
varied ; the stigma is generally well defined and there are 
from three to eight cells in the fore- wings. The abdomen is 
attached to the lower portion of the median segment. The 
female has a long ovipositor. 

Nothing appears to be known of the life-history and habits 
of this family. 

J. J. Kieffer has monographed tlie Siephanida' in Genera 
Insectornni, Fasc. 77 (1908). 


Trigonalid;e. 

Trochanters imperfectly divided. Abdomen consisting 
apparently of only five segments. Venation well developed 
in both pairs of wings. 

The Trigonalidce are found chiefly in South and Central 
America, though they have been recorded from Africa, 
Austlalia, Burma, Canada, U.S.A.,and Europe. One species, 
which is very rare, has been recorded from Britain. 

These insects bear a great resemblance to some of the 
fossorial wasps and parasitic bees of the genus Nonujda, They 
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are usually blackish in colour, marked and banded with red 
or yellow. The head is large and broad, and the antennae 
are twenty-five- jointed. The trochanters are divided, but the 
division is not nearly so well marked as in the Ichneumonidce. 
The wings have a well-developed system of venation, somewhat 
similar to that found in the fossorial wasps. 

The life-history appears to be very imperfectly known. It 
has been ascertained, however, that they are parasitic on 
other Hymenoptera, especially the social wasps belonging 
to the genera Vespa and Polistes. 

The Trigonalidce are also known to be hyper-parasites on 
Diptera (Tachinidce). 

W. A. Schultz has monographed the family in Genera 
Insectormn^ Fasc. 61 (1907). 


Group VI. CHRYSIDOIDEA (Tnbulifera) 
This group consists of but one family — Chrysidce. 


Chrysid;e (Chrysidid(v). 

Ruby-wasps. 

Trochanters undivided. Abdomen of three visible seg- 
ments when viewed from above. Female with retractile 
ovipositor. 

The Chrysidm are distributed all over the world, though the 
family is not very large. 

These insects may be easily recognized in the field ; they are 
usually to be seen in the hot sunshine flying about old walls 
and fences. Their brilliant metallic colours, restless habits, 
and constantly vibrating antennae are characteristic of the 
family. The antennae are rather short and strongly elbowed. 
The wings are comparatively small and usually smoky. The 
stigma is somewhat reduced. The integument is very hard 
and usually thickly punctured. Chrysids have the remarkable 
power of curling themselves into a ball, in which position they 
are more or less protected from the stings and jaws of their 
enemies. The ovipositor of the female is enclosed in a seg- 
mented, retractile sheath. 
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The Chrysidm are parasitic on Aculeate Ilymenoptera, 
especially Eurnenidce. 

Chrysis shanghaiensis and bombycida^ liowever, live at 
the expense of Lepidopiera, 

The egg is laid in the provisioned cell of the wasp and 
hatches to a fat, legless larva. Generally the Chrysid larva 
feeds on the developing wasp larva, though a case has been re- 
corded where the Chrysis larva fed on the caterpillars which 
had been stored by the mother wasp for the benefit of her young. 



Fig. 173 . — Stilbum cyanurum (F. M. Howlott). 


When fully grown tlie larva spins a cocoon and puj)ates in 
spring in the cell of the host, the perfect insect emerging 
shortly afterwards. 

There is a monograph of the Ghrysidw by H. Bischoff in 
Genera Insectormn, Ease. 151 (1913). 

There are about twenty-four species recorded from Britain. 

Chrysis ignita is the commonest species ; it may be seen 
searching walls and fences for the nests of Odynervs (Eunienidw) 
in May and June. 

These insects are of no economic importance. 

Group VIL VESPOIDEA 

Wings usually well developed. Hairs simple. Pronotum 
reaching tegulae. Trochanters undivided. Cutting edge 
of mandibles turned inwards, their tips meeting or over- 
lapping when mandibles are flexed towards the mouth. 

The Vespoidea and the succeeding groups belong to the 
Aculeata or stinging Hymenoptera. The Vespoidea may be 
distinguished from the Sphecoidea, which they closely resemble, 
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by the pronotum reaching back to the tegulse, and from the 
Ajpouha and Formicoidea by the absence of branched or 
plumose hairs and the absence of abdominal nodes respectively. 
The old division comprising the Vespidce and 


Fcre-wing. _ • 

; /TeguUi. .pranohurv. 



Forerwing. 



fFronoUuTt. 


2 . 


Fio. 174. — 1. Tliorax of Sphccoidm (Pronotum not reaching Tegula). 
2. Thorax of Veftpoidea (Pronotum reaching Tegula). 


Eumenidce, is abolished, these two families being now placed 
in this group. The Bethylidce and Dryinidce, which were 
originally in the ''Parasitica,'' are also relegated to the 
Yespoidm. 

There are ten well-defined families. 


Bethylidce. 

Antennae usually thirteen -jointed. Wings frequently 
absent in the female. Hind-wings with a lobe. 

h 

This is a small family, but widely distributed. 

The Bethylidce were placed by Ashmead with the Proctotry- 
pidce in his monograph of those insects ; they are now, however, 
placed in the Aculeates. 
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The prothorax is long and the median segment is well 
developed. The wings are often reduced or absent in the 
female, and sometimes in the male. The venation varies 
considerably : in some forms the cells arc well marked and in 
others there may be only two small veins not extending more • 
than one-fourth of the length of the fore-wing. The hind-wings 
usually have no veins at all, except a subcostal, and the 
lower margin near the base is frequently lobed. The abdomen 
is of seven to eight segments, and the petiole is very short. 

The Bethyluhv, so far as is known, are all parasitic in 
habits. 

They have been bred from various Lepidoptero\is and 
Coleopterous larvte : some species attack the larva> of wood- 
boring beetles, and others have been found in ants’ nests, 
where they are probably j)arasitic on the larva of myrmico- 
philous insects. 

J. J. Kieffer has monographed the IkthyluUv in (knem 
Insectorum, Fasc. 76 (1908). 

They are of no economic importance*. 


DRYINIDi^E. 

Female with the fore-leg modified to form a pincer. 

The Brymidm are found chiefly in Europe, North America, 
and Australia. A few species have been recorded from Asia 
and Africa. 

The antennae are ten-jointed, usually filiform, and not 
infrequently clubbed. The wings are often pigmented and 
sometimes reduced or altogether absent. The hind-wings 
often have a lobe. With the exception of the genus Aphelopus 
the fifth joint of the tarsus is modified in the female to form a 
pincer. The trochanters are not divided. The abdomen 
consists of eight segments, the petiole being very short. The 
ovipositor of the female is not external. 

'^he Dryinidce are all parasitic in habits ; a few species 
have been found in ants’ nests, but their life-history is not clear, 
most live at the expense of the Homopterous families Ful- 
goridee and Jassidoe. The female holds the Homopterous 
nymph with its pincers and proceeds to deposit its eggs in the 
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body of the host. When the larv® are mature they pupate 
in a white cocoon fixed to the food-plant of the host. 

The family has been monographed by J. J. Kieffer in Genera 
Inseciorum, Fasc. 54 (1907). 

About 300 species are known. 

The Drymidm furnish a good example of the value of 
imported parasites ; a sugar-cane leaf-hopper {Perkinsiella 
saccharicida — family Fnlgoridce) was accidentally introduced 
from Australia to Hawaii, where it became a pest. 

Parasites, including several species of Dryinidce, were 
exported from Australia and were instrumental in appreciably 
reducing the numbers of the Fulgorid in Hawaii. 

Two species of Dryinidai are recorded as parasites on the 
sugar-cane leaf-hopper {Pyrilla aherrans- Fnlgoridce) in India, 
lief., Memoirs Dept, Agr, India, Vol. V, No. 11 (19l7), C. S. 
Misra. 


SoOLlIDiE. 

Digger-wasps. 

A constriction between first and second abdominal seg- 
ments. Middle coxae separated ; middle tibiae with one 
spur. Both sexes winged. Pronotum reaching tegulae. 

Widely distributed throughout the tropics, the Scoliidce 
appear to be rather scarce in the temperate regions. Only 
two species, Tiphia fenwrata and T, minuta, are found in 
Britain. 

The Scoliidce. may be recognized in the field by their large 
.size, stout legs, and rather thick-set, hairy bodies. They are 
usually blackish in colour with yellow or red spots and bands. 
The head is large and bears strong mandibles ; the antennae 
are rather short in the female, longer and more slender in the 
male. The venation of the wings is well developed, but the 
nervures do not reach the outer margin. The female is 
generally much larger, and is of course provided with a 
sting. . 

Scoliidce live at the expense of Coleopterous larvae, chiefly 
Melolonthidce. The female searches for a cockchafer larva, 
usually in the ground or in decaying vegetable matter, and 
paralyses it by stinging it in some particular nerve ganglion. 
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An egg is then laid on the unfortunate larv'a and the mother 
wasp flies away to repeat the performance elsewhere. The 
egg hatches in due course, and the young larva commences to 
feed on the paralysed cockchafer larva in such a manner t hat 
the latter does not die until the Hcoliid larva is mature. 

Scoliidm are beneficial insects, as they destroy many injurious 
cockchafer larvae. 

Phytalus amiihi {MelolontlmUv), whose larvae feed on the 
roots of sugar cane, was accidentally introduced into Mauritius 
from the West Indies. The insect became a pest, but was 
effectively controlled by importing, from the West Indies, 
Tiphia paralleh, which is a specific check on Phytalus. 


SAPYOIDyi:. 

No constriction between first and second abdominal 
segments. Posterior legs short ; eyes emarginate on inner 
side. Both sexes winged. 

This is a small family of insects, and apparently nothing is 
known of their habits. 

According to Fabre's observations, Sapyya lives at the 
expense of the bees- — the /SVzpyr/a larvic destroying the 

bee’s egg and feeding on the material supjolied by th(‘ latter for 
its own young. The writer has observed the British Sapyya 
^-punctata frequenting an old beech stump where there was 
a large community of the Sphegid Pernphredon luyuhris. 

There are only two British species recorded 6- 

punctata and S. davicornis. Both are fairly common. 

They are of no economic importance. 


MuTiLLin^ (including Methocida^ and Myrirwsida'), 

Male. Pronotum reaching tegulae. A constriction 
between first and second abdominal segments. Middle 
coxse contiguous. Middle tibiae with two apical spines. 
Feihale : wingless ; ant-like but without abdominal nodes. 

The Mutillidce appear to be common and widely distributed 
in the tropics, especially in South America, though they are 
not so much in evidence in the temperate regions. 
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The male Mutillidm somewhat resemble Scoliids in being 
fairly large and brightly coloured ; they can be distinguished, 
however, by the two tibial spines and the position of the 
middle coxae. Both sexes are covered with short, brightly 
coloured hairs. The general colour scheme is black with red, 
golden, or white bands and spots ; some species are of a uniform 
bright-red colour. Unlike the majority of insects, the male is 
slightly larger than the female, and is often differently coloured. 
The females may be mistaken for ants, but the absence of 
abdominal nodes and the bright pubescence of the former at 
once distinguishes them from that family. The sting is long 
and inflicts a very painful wound. 

The antenna} are twelve- jointed in 
the female and thirteen- jointed in the 
male. The thoracic segments are not 
usually distinct in the female when 
viewed from above ; the male, how- 
ever, has these segments quite distinct. 

The nervures do not reach the outer 
margin of the fore-wings in the typical 
forms, and in the genus Ajpterogym the 
nervures are more or less confined to 
the basal area. Very rarely the wings 
in the male arc rudimentary or absent. 
Little is known of the life-histories 

Fig. 175.— a Mutillid Mutillidw, but it is believed 

(X 4.) that they are all parasitic on Aculeate 

Hynienoptera. 

Mutilla europcca is known to be parasitic on species of 
Bombus ; the egg is laid in the cell of the bee and the resulting 
larva feeds on the bee larva as a true parasite : the stored 
provisions, if any, in the host’s cell are not utilized by the 
parasite. 

E. Andre has monographed the Mutillidm in Genera 
Insectorum, Fasc. 11 (1903). 

It should be mentioned here that two families, Methoc^m 
and Myrmosidm, have been formed. Andre, however, places 
them as sub-families of the Mutillidm^ whereas many authors 
include the Methocidm with the Thynnidm. In both Methoca 
and Myrmosa the female is wingless, and in the male the 
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nervures of the fore-wing extend to the outer margin. The 
Methoca female differs from the typical Miitillid in having 
the thoracic segments distinct. 

Over 1,800 species have been described, of which four are 
British ; they are MutiUa europway M, rujipes, Mynmaa 
melanocephala, and Methoca ichneummiides. None are com- 
mon. 

The MutilUdce are of no economic importance. 


TltYNNIDyE. 

Like Mutillidse. Male winged ; the pronotum reaching 
the tegulae, the nervures extending to the outer margin 
of the wings. Female wingless ; the thoracic segments 
distinct. 

This is rather a small family and appears to be confined to 
Australia, New Guinea and the adjacent islands, South 
America, and California. 

The wingless female has very short and somewhat curled 
antennae, and differs greatly from the male. A small process 
of the mesosternum separates the middle coxae, and the middle 
tibiae are furnished with two apical spines. 

Nothing appears to be known of the habits of these insects. 
Froggatt believes them to prey on subterranean Lamellicorn 
larvae. 

The family has been monographed in Genera InMctorurn^ 
Fasc. 105 (1910), by R. E. Turner. 

No British species have been recorded, and the family is 
of no economic importance. 


PoMPiLiDiE (Psarnmocharidee). 


Digger-wasps. 

Pronotum reaching the tegulae. Posterior legs long. 

This large family is found in nearly all parts of the world. 
The Pompilidee are easily recognized in the field; they 
frequent sandy places, and may often be seen running rapidly 
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over the ground, their wings and antennae being in a constant 
state of vibration. They are perhaps the most restless of 
insects, running and taking quick, short flights as they search 
for the spiders which they provide for their young. Pompilids 
• are usually black or metallic, sometimes marked with red ; 
some of the tropical forms exceed two inches in length. The 
sting is severe. The antennae are moderately long and often 
curled, especially after death ; the wings have a well- developed 
system of venation and arc often smoky or metallic. The 
long legs, especially the posterior pair, are the best diagnostic 
features of the family. 

Spiders form the chief prey of the PominliiUr. The female 



Fio. 17(1. — A Pompilid, allowing the long posterior Legs. ( X 1^.) 

wasp searches for her prey, and having found it, stings it in 
such a manner that it is paralysed and incapable of further 
action. The spider is then dragged to some convenient hole, 
or the wasp prepares a subterranean cell, and an egg is laid 
on it and the cell closed. The young larva on hatching 
feeds on the body of the spider and when mature pupates in 
the cell. In Britain the perfect insects appear in May and 
June. 

There are thirty-two species found in Britain according to 
Saunders’s catalogue of the British Aculeate Hymenoptera, 
Although the Pompilidee are extremely interesting, they are 
of no economic importance. 
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Eumknid.e. 


Mud- wasps. 

Wings folded longitudinally ; middle tibiae with one spine 
at the apex, the claws dentate. 

This family is widely distributed and fairly common over 
the greater part of the world. 

Eumenids are rather small insects, slender in build, and 
usually exhibit yellow and black coloiu's ; many forms are, 
however, of a uniform reddish-brown colour. The antenncc 
are moderately long, elbowed, and twelve-jointed in the 
female — thirteen-jointed in the male. The mouth-parts are 
of the normal biting and sucking typo, the mandibles being 
well-developed. The abdomen is generally rather smooth and 
long, the petiole being frequently very narrow and elongate. 
There are six visible abdominal segments (dorsally) in the 
female and seven in the male ; the former is provided with an 
efficient sting. The longitudinal folding of the fore-wings when 
the insect is at rest is very characteristic of this family and the 
Yespidije. 

The Eumenidm provide for their young by making mud cells 
and storing provisions therein. Both sexes are rej)resented, 
but there is no worker caste. The females select a suitable 
hole, usually in an old wall, bank, or wooden post, and proceed 
to store up a supply of caterpillars which have been previously 
stung ; the number of caterpillars allotted to each cell varies 
from three to eight according to theii‘ size. When sufficient 
food material has been collected an egg is laid and the c(‘ll 
closed, usually with mud. The larva on hatcliing feeds on the 
caterpillars and when mature pupates in a cocoon in the cell. 
This is briefly the life-history of the genus Odijnertts ; some of 
the tropical forms of the genus Eumeves construct elaborate 
cells of clay which are fixed openly on to any convenient 
object. In practically all cases, Lepidopterous caterpillars 
are selected as food for the young. 

These wasps are parasitized to a great extent by ChtysidcEy 
Ichneumons, and Tachinidce, 

This family, along with the Vespidce and Masaridie, has been 
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monographed in Genera /n^ec^omm, Fasc. 19 (1904), by K. W. 
von Dalla Torre. 

There are eighteen species of Euinenidce. recorded from 
Britain, seventeen of these belonging to the genus Odynerus 
and the remaining species being Eumenes coarctata, 

Odynerus callosus and 0. parieturn appear to be common 
and widely distributed in England and their nests are often 
to be found in old brick walls. 

The Eumenidce are useful insects, as they destroy large 
numbers of caterpillars ; with few exceptions, however, they 
are not common enough to be of much use to the 
agriculturist. 

Eumenes maxillosa provisions its cells with the larvae of 
Prodenia, the Egyptian cotton-worm. 


VBSHDiB. 

Wasps. 

Wings folded longitudinally; middle tibiae with two 
apical spurs. Claws simple. 

Although this family contains barely 600 species, wasps are 
generally abundant in all parts of the temperate and tropical 
regions of the world. 

Wasps are moderate-sized insects and almost invariably 
exhibit warning colours, usually a combination of yellow and 
black, or reddish-brown and yellow. They are usually more 
heavily built than Eumenids and possess great strength and 
considerable powers of flight. 

' The antennae are of moderate length, elbowed, with a long 
basal joint (scape), and are twelve- jointed in the queen and 
worker and thirteen-jointed in the male. The mouth-parts 
are well adapted for biting and sucking, the mandibles being 
strong and generally toothed ; the maxillae have a long outer 
lobe and a six-jointed palp. The hypopharynx is bilobed, 
rather short, and in conjunction with the outer lobes of the 
labium (paraglossae) forms an efficient lapping tongue ; the 
labial palps are four-jointed. The compound eyes are large 
and in some forms reach down to the base of the mandibles. 
The thorax is stout, the pronotum reaching back to the tegulae. 



HYMENOPTERA 


611 


The abdomen varies in shape, the petiole being long and 
narrow in most genera, but in IV-spa and PoliMes it is very 
short ; dorsally there are seven visible abdominal segments 
in the male and six in the queen and worker. The latter forms 
are provided with a sting, wliieh in some of the larger species 
is very severe indeed. It should be borne in mind, however, 
that the sting in these insects is only used as a weapon of 
defence and not of offence, as is the case with the “ digger- 
wasps ” and EumenidiE. The social wasps are harmless enough 
if their nests are not disturbed. 

There are generally three castes of social wasps, viz. : 
‘‘ queens ” or fertile females, “ workers ” or sterile females, 
and males. 

The male is the product of the unfertilized egg, and the female 



that of the fertilized egg ; larva} which arc destined to become 
queens are provided with more food than those which are to 
become workers. The workers differ from the queens in being 
smaller and in having the ovaries reduced. Under certain 
circumstances, such as the premature death of the queen, the 
workers can become fertile and lay eggs, l)ut as they fire 
structurally incapable of being fertilized by a male, the product 
of these eggs is always of the male sex. 

The life-history of the Vespidee varies considerably according 
to the genus and climatic conditions. In Britain, however, 
the domestic economy of the wasps is very uniform. The 
queen wasp commences to lay the foundations of a nest towards 
the%nd of May ; the site of the nest may be in the ground or 
suspended from the branch of a tree or bush. The material 
selected for the nest is wood-fibre reduced to a pulp by the 
jaws of the insect, to form, when spread out, a substance very 
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like paper. When a certain number of cells have been com- 
pleted a fertilized egg is laid in each ; the eggs hatch in due 
course to legless and fleshy larvae, which are fed by the queen 
on the juices of insects and on saccharine matter. When full 
grown the larvae spin a silken cap over the mouth of the cell 
and pupate, the perfect insects emerging soon after. For the 
first two months or so, only workers are produced, but towards 
the middle of August males and queens appear ; with the 
advent of cold weather in September and October the colony 
languishes, and the young queens, which may number 300 or 
more, pair and seek winter retreats under the bark of trees 
or in some convenient position in houses and sheds. Shortly 
afterwards the males, workers, and the old queen die, and the 
whole cycle commences again next spring. The wasp com- 
munities arc thus strictly annual in this country. 

The food of the adult insects is varied ; they are predaceous 
and are also exceedingly fond of saccharine substances. 

There are seven species of wasps found in Britain ; they all 
belong to one genus — Fespa— and include the hornet (Fespa 
crabro)y an insect which has become scarce in recent years 
except in the New Forest, Hampshire, where it is more or 
less undisturbed. 

The Yespidm have been monographed by Dalla Torre in 
Genera Insectorum, Ease. 19 (1904). Saussure has also mono- 
graphed the social wasps (1858). 

In the early months of the year, wasps destroy enormous 
numbers of caterpillars and Diptera for the purpose of feeding 
their larvse ; saw-fly larva) and Noctuid moths are also 
attacked. 

On the other hand wasps do considerable damage to fruit, 
apples, pears and plums being particularly affected. 

In England the wasp probably does more good than harm, 
though it is difficult to make the farmer and fruit-grower 
realize this. 

Fe^pa orientalis is useful as a destroyer of the Egyptian 
cotton-worm, but these large hornets occasionally do mis- 
chief in India when they confine their attentions to silk- 
worms. 

Generally speaking, the economic value of Vespidee depends 
on the crops that are grown in the neighbourhood. In fruit- 
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growing countries they are probably pests ; whereas in 
countries where cotton, and other crops which suffer from the 
attacks of caterpillars, are grown, the wasps must l)e regarded 
as beneficial insects. 


MaSARID/E. 

Antennae usually clubbed. 

This family, which consists of ten gcmera, appears to be 
widely distributed, though scarce. They have been recorded 
from S. Europe, N. Africa and Egypt, Brazil, Mexico, the 
southern states of the U.8.A., and Australia. 

The antennae arc short, the terminal joints forming a more or 
less distinct club. The wings are often pigmented, the anterior 
pair not being folded longitudinally, or if so, only imperfectly. 
The intermediate tibiae are armed with two terminal spurs, 
and the claws of the tarsi are usually notched. The abdomen, 
which is large and stout, is attached to the thorax by a very 
short petiole ; the general colour scheme is black, marked with 
yellow and red. 

Very little is known of the habits of these insects ; (U>Um iies 
is known to build cells of earth fixed to plants. 

Dalla Torre has monographed the family in (Unmi Inmc- 
torum, Ease, 19 (1904), and classifies the Emnenuhr, Vespidiv, 
and Mamridw as sub-families of the one family, Vespidir. 


Group VIII. SPHECOIDEA. Digger-wasps. 

Pronotum not reaching the tegulae ; posterior legs short. 

The fourteen families which constitute this group were 
previously classified under one family — Sphegidan, The 
Sphecoidea may be distinguished from the Vespoidea, which 
they resemble closely, by the pronotum not reaching back to 
the tegulae. 

T^e group will be dealt with here as a whole, but notes 
on the food-habits of the more important genera will be 
mentioned. The following is a list of the families, appended 
for reference purposes : Ampulicidee, Nyssmidai, PsenidcB^ 
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Oxybelidce^ Crabronidw, PhilantJiidce, Trypoxylmidce, MeUinidm, 
Sphecidce, Larridce, Astalidce, Pemphredmidce, Bembicidce, 
Cerceridce. 

The Sphecoidea is a very extensive group, representatives 
being found in nearly all parts of the world. 

The external structure of the group is fairly uniform ; the 
characters of the families are based largely on the wing vena- 
tion, the shape of the labrum and eyes, the petiole, and on 
minor thoracic characters. In all the families, however, the 
pronotum is transverse and does not reach back to the tegulae. 

The antennsB are rather short and often curled. The legs 
are also comparatively short, the middle tibia? being armed 
with one or two terminal spurs. The petiole is very short 
in some forms (Btmhicidm), but long and narrow in others 
(Sceliphrony Ammophila, etc). The sexes can always be 
readily distinguished, the females being provided with a 
sting. A curious modification of the legs is found in some 
male Crabrarikhe^ the anterior tibiae being flattened out, so as 
to form a plate-like organ. 

The life-history of these “digger-wasps “ is fairly uniform 
throughout the grouj). J^oth sexes are represented, but there 
is no worker caste, the females alone providing for the future 
generation. The female wasps store up insects or spiders in 
mud cells or in burrows in the ground, sojnewhat after the 
manner of the Eumenkhv and Ponipilkhe. The prey that is 
selected for the young ranges from crickets and caterpillars to 
Aphids. One of the most interesting species is Sceliphron 
madraftpatanum ; the life-history of this insect and many other 
solitary wasps has been worked out by Dutt (1912). The 
, female Sceliphron selects a suitable site, often in houses, and 
constructs there about six or seven mud cells in which are stored 
spiders, previously paralysed by the wasp’s sting. Dutt 
states that the wasp lays its egg on the first spider in the cell, 
so that the larva on devouring it commences on the one above 
it until all the spiders have been accounted for ; the wasp 
larva is then mature, with its head nearest the exterior. 
Pupation takes place in a silken cocoon in the cell, the pel^ect 
insect emerging about two weeks later. 

With regard to the prey that is selected by the wasps for 
the young, almost every kind of insect appears to be suitable. 
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For instance, species of Sphex generally catch crickets and 
locusts; Ammophila, caterpillars; Sceliphrm and Trypoxylmiy 
spiders ; Bembex, Crabro and Mellmns attack Diptera, the 
former frequently attending horses and other animals for the 
purpose of catching Tabanida\ Ampulex and Asiaia are 
known to attack cockroaches ; the latter is also predatory on 
Pentatomidcp, Tachyies prefers Orthoptera, and in some cases 
they have been known to axttack Mantids. Various beetles 
of the families Cnradim idw , Chrysormdidtv, etc., are attacked 
by species of Cerceris ; Philanihus selects the formidable hive- 
bee as its victim ; on the other hand, Psen and Pemphredm 
catch such easy prey as Psyllids and Aphids respectively. 

The Sphecoidea are miicli subject to the attacks of Chrysids, 
Tachinids, Mutillids, and Ichneumons. 

There are ninety-three species recorded in Saunders's cata- 
logue of British Aculeate Hymmopiera. 

Although the Sphecoidea have not been monographed in 
Genera hiseciorum, there are several books relating to the habits 
of these insects, the most notable being Peckham's InstmcUs 
and Habits of the Solitary Wa.sps, 189J^. This work also includes 
the Pompilidiv, 

Although the domestic economy of the Sphecoidea is fairly 
uniform, the prey that is selected for the young is extremely 
varied, so that it is difficult to determine the economic value 
of the group. Those families which provision their nests with 
Aphids and cockroaches arc no doubt beneficial insects. 
Sceliphran and Trypoxylon liave been described as injurious, 
as they destroy large numbers of spiders ; though until it has 
been proved that spiders appreciably reduce the numbers of 
destructive insects, these interesting wasps can hardly be 
termed injurious insects. 


Group IX. APOIDEA. (Ayithophila.) Bees. 

Some hairs, especially those on the thorax, branched or 
plupiose. First joint of the hind tarsi enlarged or dilated. 

This group of insects, known as “ Bees,” is very well defined 
indeed. 

The classification , h owe ver, is somewhat complex . Originally 
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all bees were placed in one family, Apidw ; later on, the genera 
Proso'pis and Colletes were separated from the rest and placed 
in a separate family called “ ColletidcB,"’ the justification for 
this being that the bees belonging to these genera have a 
short and broad tongue as compared with the long tongue 
of the true Apidce. Saunders in his catalogue of British 
Aculeate Hymenoptera recognized three families, Colleiidce, 
Andrenidoiy and Apidce. More recently, however, some 
seventeen genera have been promoted to family rank ; in a 
general way these families are fairly distinct both in structure 
and habits. 

The group will be dealt with here as a whole, but a list of 
the families is appended for reference : — Halictidce, Andrenidce, 
Dufoureidw, Nomiidce, Macropidxje, Panurgidce^ Normdidce, 
Euceridce, Emphoridm, AnthophoridxB, Hyloeidce, Colletidxje, 
Stelididce, MegachilidiBy Ceratmidce, XylocopidcBy Apidce. 

Bees arc widely distributed throughout the temperate and 
tropical regions of the world ; although these insects are so 
common and familiar, the actual number of species in the 
group is less than one-third of the number of Chalcidoidea. 

The external characters of the group are fairly uniform ; 
wings are always present in the perfect insects and are rather 
small in comparison with the rest of the body. The head is 
rather large ; very large in the Megachilidce, The antenna) 
are, with few exceptions, short and strongly elbowed. The 
mouth-parts are very well developed in the flower-visiting 
species, especially in the Apuhe. The structure and mechanism 
of the mouth-parts of the hive-bee (Apis mellifica) have been 
treated in great detail by Cheshire, so that only a brief account 
of these organs need be given here. The mandibles in the 
worker hive-bee have their margins entii'e, and form useful 
implements for moulding the wax, but those of the queen and 
male are toothed. The maxillae consist of a strong basal 
portion and a long flattened outer lobe (galea), the maxillary 
palp and the inner lobe being vestigial. The labium, however, 
is the most specialized organ in the mouth ; the hypopharynx 
is extremely long, grooved, but not tubular, and covered with 
parallel rows of small flattened hairs ; on each side of the 
h5rpopharynx lie the rather small paraglossae (outer lobes of 
the labium), and then the long four-jointed labial palps, 
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which, combined with the maxilla' and hypopharynx, form 
a kind of sucking-tube. 

In the lower bees such as Prompi^i and allied genera the 
mouth-parts are reduced ; the hypopliarynx is short and 
broad and the maxillary and labial palj)s, which are six-jointed 
and four-jointed respectively, function as sensory organs. The 
first joint of the hind tarsi and the outer surfact^ of the hind 
tibue are frequently dilated to form a pollen basket. Even 
in the cuckoo-bees the first hind-tarsal joint is abnormally 
enlarged, although the pollen-carrying apparatus is reduced 
or absent. The thorax is generally large, robust, and very 
hairy ; the abdomen is also large and thick-set. The females 
are provided with a sting ; and although this weapon is seldom 
employed, it is severe enough in some species, but very feeble 
in others ; it is quite abortive in some of the social forms 
(Melipmia). 

The sexes can be readily distinguished, the rnal(*s having 
seven abdominal segments and thirteen joints in the antennae, 
while the females have only six abdominal s('gments and 
twelve joints in the antenna', besides being furnished with a 
sting. 

The life-history of the Apoidea falls into two main classes : 
(1) the flower- visiting bees, which make cells and store up honey 
and pollen; and (2) the “cuckoo-bees,’’ which live at the 
expense of the former industrious in.sects. Only a brief 
account of the habits of the flower-visiting bees can be given 
here, as the domestic economy of the families differs so 
widely. 

In the first family on the list, the Halktuhr, we find in the 
genus Halic^ins bees which are communal in habit; many 
species nest in the ground, several bees combining to form a 
common entrance and main burrow, after which each indi- 
vidual constructs in side galleries its own group of cells. These 
cells are provisioned with honey and pollen, and when a requisite 
amount has been accumulated an egg is laid in each and the 
cey closed. On hatching, the young larva feeds on the stored 
provisions, and when mature pupates in the cell. 

In England both sexes emerge in the summer, and having 
paired, the males die while the females go into hibernation to 
reappear the following April and commence a fresh colony. 
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The life-history of Andrma, of the Andrenidm, is somewhat 
similar, but though the species of this genus are decidedly 
colonial, the communal habits observed in Halictus are not in 
evidence. In the British Andrena fulva both sexes appear 
in April, the individual females making their own biurows and 
constructing their own cells, which are provisioned in a similar 
manner to the above. The young larva) feed up rapidly and 
pupate in due course, the perfect insects emerging shortly 
afterwards ; unlike Halictus, both sexes remain as adults in 
the ground throughout the summer and winter, not leaving 
their burrows till the spring. 

In the genus Nomada are to be found bees which live at the 
expense of other bees ; the common British Nomada ruficornis 
is a “cuckoo ” of the equally common Andrena fulva. The 
former bears a great resemblance to some of tho Sphecoidea, in 
that it is slender, narrow-waisted, and almost naked, and in 
being yellow- and black-banded. The Nomada appears in 
spring at the same time as its host, enters its burrow, and 
deposits an egg in the provisioned cell of the Andrena, The 
Nomada larva on hatching feeds rapidly, with the result that 
the A7idrena larva dies of starvation ; very rarely both host 
and cuckoo reach maturity. 

The Anthophoridm are well represented in England by 
A^iihophora pilipes ; it is a common insect in spring in most 
parts of the country. The sexes differ widely, the male being 
yellowish-brown with the intermediate tarsi clothed with long 
silky hairs, while the female is black all over except in the hairs 
of the hind tibiae and tarsi, which are bright yellow. These 
bees nest, sometimes in large colonies, in burrows in the sides 
of sand-pits, banks, etc. The cells are stored in the usual way 
with honey and pollen. Melecta armata is a well-known 
cuckoo-bee which lives at the expense of Anthophora, The 
Colletidce are represented by two common British genera, 
Colletes and Prosopis ; they may be distinguished from other 
bees by their short bilobed hypopharynx. Colletes nests in 
sandy places, often in large numbers, and lines its cells ^ith 
a slimy substance which hardens to form a more or less 
waterproof membrane. Prosopis bears no external resem- 
blance to Colletes, and is black, slender, and almost naked. 
The insect is not well adapted for pollen-collecting ; it makes 
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its cells in the ground, in old walls, or in bramble stems, 
and provisions them in the usual manner. 

Included in the SteJkluhv, is Sielif> minuta, \\\uch is parasitic 
on a species of Omia. According to Verho(‘lT the Steli^s lays 
an egg in the provisioned cell of the host. The egg of 
placed at a different level to that of tlu‘ host, so that both 
larvae hatch out and commence feeding on the jirovisions until 
they are consumed ; the Siehs larva then settles the matter 
by killing and eating the Oswia. Another sj)ecies of Stelis 
lives at the expense of Chaliaxlmm^iho “ Mason-bee.” The 
bees in the family ^legachiluhr collect pollen, not on the hind- 
legs, but on the under-side of the abdomen. Among the 
most interesting are the leaf-cutting bees belonging to the 
genus Megachile. These insects tunnel in the ground or in 
decayed wood and make their cells of fragments of leaves, 
chiefly from rose trees. The ])ieces of leaf are cut out I)y the 
female bee and carried to the lU'st, wheri‘ they are cemented 
together to form the lining of the cell. The cells, which are 
provisioned with honey and pollen, ar(‘ j)laced end to end in 
the wood. 

Some of the tropical s})eeies of Megachile use clay instead of 
leaves, and nest in bamboo stems, or in any convenient tubular 
cavity, in houses. Megachile is the host of various species of 
cuckoo-bees of the genus Ccelioxys, 

In the same family may bo included the species of (Imiia, 
The habits of these little bees are so diverse, not only in closely 
allied species, but even in any one species, that a detailed 
description here is impossible. Like Megachile, Osmia collects 
pollen on the under-side of the abdomen. , Osmia is not par- 
ticular as to where it forms its cells ; they have been found in 
holes in walls and banks, in locks on doors, in snail-shells or 
in bramble-stems. 

The life-history of Ceratina viridissima (family Ceratinidw) 
in India has been studied by Dutt in some detail (Mem, Dept, 
Agr. India, Vol. IV, No. 4, 1912). The bees exhibit brilliant 
njetallic colours, and have few hairs. The female bee tunnels 
in reed stems, bamboos, etc., and constructs therein a series 
of cells, each separated by a plug of plant-fibre. These cells 
are provisioned in the usual way with honey and pollen an 
egg being laid in each. According to Dutt the complete life- 
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history from egg to imago occupies from twenty-four to thirty- 
five days. One species of Ceratina is foimd in Britain, but it 
is rare. 

The Xylocopidm are large insects and are commonly named 
“ Carpenter-bees.” They nest in dry timber or reeds, forming 
galleries in which they construct their cells. The cells are 
separated from one another by plugs of sawdust cemented 
together. The cells are stored in the usual way with pollen ; 
there is generally only one brood a year in Europe. Xylocopa 
viohcea is found as far north as Paris, and has once occurred 
in England, but was probably imported from the Continent. 
The bees belonging to this family are among the largest and 
most brightly coloured Apoidea in the world. 

The Apidce include BomhuSy the “ Bumble-bees,’’ Psithyrus 
their cuckoos, and the honey-bees, both wild and domesticated. 

The life-history of the bumble-bees has been fully worked 
out by Sladen ; it is not unlike that of our social wasps in that 
the colonics are annual. The fertilized queen bee emerges 
from its winter retreat in spring and founds a nest cither on 
the ground or in a deserted mouse-hole ; the situation varies 
according to species. The nest consists of moss or dry grass, 
in the centre of which the waxen cells are placed. Only 
workers are produced in the early months of the year, but later 
on males and young queens make their appearance. With 
the advent of cold weather the young queens biu*row into the 
ground to pass the winter, the males, workers, and the old queen 
dying. 

Bumble-bees are very industrious, collecting honey and 
pollen from dawn, till dusk ; they are useful insects, as they 
can fertilize red clover and other fiowers with deep-seated 
nectaries. 

The next genus to be considered is Psithyrus ; they are cuckoos 
of Bornbus, the queens entering the early nests of the latter 
and laying eggs in their cells. Psithyrus resembles Bombus to 
a great extent in being large and hairy, and banded with yellow 
or red and black. They may be distinguished from Bombus 
in having the outer surface of the hind tibia convex and hatfy, 
while Bombus has this portion of its anatomy flattened and 
shining. The wings of Psithyrus are often smoky or iridescent. 
The Psithyrus queen (or rather “ female,” as there is no worker 
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caste) hibernates as an adult in the ground and emerges in 
spring to search for nests of Bonihus ; each species of Psithyru,s 
is generally attached to one species of Bomhus, which it mimics 
closely. Having found the nest of the host, the PiSithyru.'i kills 
the Bomims queen, provided that there are sufficient workers 
in the nest to rear the inquiline’s larva'. On the death of the 
Bombus queen, the Psifhynts reigns supreme until the end of 
the season, when the males and females leave the nest and pair, 
the former dying and the latter going into hibernation. As 
the Bo7iihus queen is killed early in the si'ason, no males or 
queens are reared from a P.s*//A//n/.s-infested nest. 

The next insects under consideration are the hive- or honey- 
bees ; these belong to the genus of which the most 

important species is .1 pis mellif\ca-~-~i\w common hive-bee. This 
bee probably originated in South Europe, being introduced 
into Britain and America. 

A bee community normally consists of one functional queen 
and several thousand workers, males or “ drones " being pro- 
duced at certain times of the year. Young queens are also 
produced, but if the community is comparatively small, these 
young queens are stung to death by the old (pu'en ; it is int(‘r- 
esting to note that the sting of the queem bee is curved down- 
wards, while that of the worker is straight. 

If however the colony is getting too large for the hive or 
nest, the young queens are protected by the workiTs from the 
attacks of the old queen. Then the phenomenon of “ swarm- 
ing ” occurs. ThLs is the exodus from the hive of the old queen 
accompanied by several thousand workers ; these seek new 
quarters and commence a fresh colony. 

One of the young unfertilized queens in the hive, having 
killed the others, leaves it for her nuptial flight, when she 
is fertilized by a drone bee. Although many drones are 
produced, only one is necessary ; but it is interesting to note 
that it is the strongest and swiftest drone that succeeds in 
pairing with the queen, so that in all probability his strength 
and flying powers will be transmitted to the young. The 
feAilized young queen returns to the hive and commences to 
take up her duties. Now that the drones have fulfilled their 
purpose in life, they are killed by the workers, as they do no 
work in the hive, and would only consume food required for 
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the winter. This is briefly the social economy of the hive-bee, 
but there are many other interesting details concerning swarm- 
ing, etc., which it is impossible to give here. It should be 
noted that the hive-bee communities are not annual, as is the 
case with Bornbus and Vespa, but the queen and a certain 
number of workers live through the winter and start collecting 
pollen in April ; a fine sunny day in February or March, how- 
ever, will tempt them out. 

The life-history of the hive-bee is somewhat similar to that 
of the other Apoidea ; the eggs are laid in wax cells made by 
the workers, and the larvie are fed on honey and pollen. Larvae 
destined to become queens arc reared in larger cells and 
are fed on a more nutritious substance known as royal 
jelly.” 

The time taken to complete the life-history from egg to 
worker is about three weeks, slightly less for a queen, and more 
for a drone. 

There are several distinct races or varieties of Apis mellifica 
which are worth mentioning ; of these the most important are 
the Italian bee — ligustica — and the Cyprian bee — fasciata — 
which comes from the Eastern Mediterranean and Egypt ; these 
varieties interbreed freely. 

There are three species of Apis worthy of note from India. 
Apis dorsata is a large species, very savage in disposition, and 
is only semi-domesticated in parts of India, but they yield 
good honey and wax. It builds a large, single comb, some- 
times several feet across. 

Apis indica is smaller than the above and seems to be more 
amenable to domestication. 

Apisflorea is quite small, and makes a single comb suspended 
from the branch of a tree ; the workers’ cells are on top of the 
comb, the drone and queen cells being placed at a lower level. 
The combs are too small to be of real economic value. 

As yet there is no reference in Genera Insectorum relating 
to any of the families of the Apoidea. Saunders has listed 
the British species in the Transactions of the Entomological 
Society of London (1882-1884) ; this author has also described 
the life-histories of some of the commoner British bees in th§ 
work entitled Wild Bees, Wasps and Ants. 

The domestic economy and morphology pf tjie Britisl\ 
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species of Bombus and Psiihjrus have been studied in gmit 
detail by Sladen in The Humble Bee (1912). 

The British species of Apoidea number about 212. 

There are no pests in this group : the utility of the hive-beo 
in supplying honey and wax is well known to every one ; in the 
pollination of flowers, however, the bees are of still greater 
service. Some species of Meijacliile have sometimes been 
recorded as being injurious to rose trees, but the actual damage 
that is done is negligible. 

Group X. FORMICOIDEA. [Uekroijifm.) Ants. 

First abdominal segment (and sometimes second 
abdominal segment) forming a node or scale strongly 
differentiated from the remaining abdominal segments. 

The Forniicoidea cannot be confused with any other group 
of Ilifmcnopiera. The insects belonging to this gro\ip are 
among the commonest and most numerous creatures in the 
world. 

Ants are mostly social— males, females, and workers being 
usually represented hence the old name “ Ileterogipia^^^ 
referring to the two forms of the female. 

Unlike the other large groups of Hymenoptera^ the classifi- 
cation is very simple, there being but one family — Formicidm — 
with five sub -families. 


FORMICIDyK. 

Ants are widely distributed and common in nearly all parts 
of the world. 

The head is large in proportion to the rest of the body, but 
the size varies considerably according to caste. The antennae 
are very strongly elbowed in the ? and 9 and often clubbed. 
The mandibles are usually very strong, many-toothed, and can 
acj independently of the other mouth-parts. The maxillae, which 
have both an outer and an inner lobe, bear a one- to six-jointed 
palp. In the thorax the median segment or “ epinotum,” as 
it is often termed, is well developed. Both males and females 
are usually provided with wings, though in some species the 
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male is wingless, and in others, but more rarely, the female also 
is wingless ; workers are never winged. 

The articulation of the abdomen to the median segment 
is of considerable importance to the taxonomist. The first 
abdominal segment (petiole) is shaped like a knot or a flat 
scale, at the base of which is attached the second abdominal 
segment: the segments following the petiole constitute the 
gaster. In the Myrmicimjc and some Dorylince, the second 
abdominal segment (post-petiole) is somewhat similar to the 
petiole ; in this case the third abdominal segment and the 
succeeding segments constitute the gaster. (Fig. 179.) 

The sharp differentiation of the petiole (and the post-petiole 
if present) from the gaster is the best character for identifying 
ants. 

The females and workers in the sub-families Myrmicmcry 
Pmierinm, and Dorylinm, are provided with a serviceable sting. 

The sexes can be distinguished in several ways : the males 
generally have one joint more in the antennae than the females 
and workers, but this is not always the case. The eyes of the 
male are usually larger, the body more slender, and the man- 
dibles smaller and weaker than is the case with the females 
and workers. The most obvious distinction, however, is the 
well-developed genital armature of the male. 

In most species of <ants there are three well-defined castes, 
viz. male, female, and worker ; in a few cases the worker is 
absent (Anergates). There are, however, a bewildering series 
of forms of each caste which have received special names. 
Intermediates between each caste are known. “ Ergatan- 
dromorph ” is themame applied to an ant which exhibits both 
male and worker characters; similarly a '' gynandromorpW 
exhibits male and female characters. 

The habits of ants, especially in the tropics, are so diverse 
that it is impossible to give an account of them here. Nearly 
all ants are social, often making huge nests containing thousands 
of individuals. These colonies are more or less permanent year 
after year. 

At certain times of the year, winged males and females leave 
the nest, sometimes in great numbers ; copulation takes place 
in the air, and when the insects descend to the ground the male 
detaches himself from the female and in a short time usually 
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dies or is eaten by birds. The female sheds her wings and 
commences to found a new colony by burrowing into the 
ground or selecting some other suitable quarters under stones 
or behind the bark of trees, etc. Having constructed a small 
chamber she lays some eggs, and, according to Wheeler, 
nourishes the young larvae on a “ salivary secretion derived 
by metabolism from her fat-body and wing-muscles.'’ 

The first batch of workers are smaller than usual, hut they 
carry on the work of the nest, enlarging it and obtaining food 
supplies for the female and the larva*. Once a colony has 
started, the female does no more work in the iu‘st, but lays 
eggs for a period of several years. The nests of ants dilTerfrom 
those of the social wasps and bees in that no combs arc made 
for the larvae ; these latter have no 
fixed abode and are constantly 
moved from place to place by the 
workers, according to the weather, 
etc., conditions prevailing at the 
time. 

The food of ants is extremely 
varied ; most of them are scaven- 
gers, feeding on any dead or dying 
insect which they may ha])pen to 
encounter. Some species of For- 
mica 'dnd EciUm have a weakness for 
the larvae and pupie of other ants. 

Aphids and Coccids are often protected by ants for their 
“ honeydew. ” Some ants feed on seeds «and fruits, and in the 
Attini (Myrmicinte) the insects feed on thv hyphae of fungi, 
which they grow on leaves or some other suitable medium. 

There are five sub-families in the Forrnicidat : — Pmierina^ 
Dorylince, Myrruicina^, Dolichoderinvr ^ and Vawjmiotina*, 

The Ponerince, which are considered to be the most primitive 
ants, appear to be fairly widely distributed, but are commonest 
in Australia ; only two species are found in Britain. These 
ants are furnished with a sting in the female and worker, and 
the pupae are enclosed in a cocoon. Only one abdominal node 
is present, but there is a constriction between the first and 
second gastric segments. 

The Dorylince are mostly large ants, inhabiting the tropical 
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and sub-tropical regions, none being found in Britain. There 
is generally only one abdominal node, but the workers of EciUm 
and Mnicius have two ; in the males and females there is never 
more than one node. 

The clypeus is generally much reduced, the antennae being 
inserted near the front margin of the head. The male is 

abnormally large in com- 
parison with even the 
largest worker. The 
^ ^ females and workers are 
generally blind. 

The domestic life of 
the Dorylinm is very un- 
like that of the other 
sub-families : the colonies 
appear to have no fixed 
abode, but wander 
about, taking temporary 
lodgings under stones or 
under a fallen tree- 
trunk. 

In this sub-family are 
to be found the “ driver- 
ants ” of the tropics; 
these insects in the course 
of their wanderings fre- 
quently enter the habi- 
tations of man, necessi- 
tating a hasty retreat ; 
but the ants often ren- 
der great service in 
clearing houses of rats, 
cockroaches, and other 
vermin. Only animal food is taken, saccharine and farinace- 
ous food, beloved by other ants, being left untouched. The 
next sub-family — the Myrmicince — is a very extensive one 
indeed ; there are two well-marked abdominal nodes, and the 
workers are generally provided with an efficient sting. The 
Myrmicince are widely distributed, Britain possessing some 
seventeen species. Myrmica rnginodis is one of our com- 




Fig. 179. — Fonnicidce'. Basal Segments of 
Abdomen. 


A. Myrmica ruginoiHs { 9 ). 7 ?. Formica rufa ( ^ ). 
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monest ants, being found in gardens and in uncultivated 
ground in most parts of the country. 

In the DoUchoderincv, which is represented in England by 
only one indigenous species, there are only four visible 
abdominal segments when viewed from above ; the sting is 
generally vestigial and the pupa^ are not enclosed in cocoons. 

The DolicJiodemKe is a small sub-family, and may be })assed 
over, though it should be mentioned that it includes the 
famous “Argentine Ant" (Iridomynnex Inonilis). 

In the Campmothuv are to be found the most sj)ecialized 
ants ; the insects appear to be widely distributed all over the 
world, Britain claiming two geiuTa- Jjhsius and Formica, 
and thirteen species. The sting is reduet'd, hut formic acid 
can be ejected from the abdomen into tlu' wound made by the 
jaws of the insect. There is only one abdominal node, and 
there are five abdominal segments visible when vi(‘wed from 
above. 

Formica rnfa is a very common species in England, where it 
is termed the “ Red Ant ’’ or “Wood-ant. ‘ It constructs a 
large mound of small twigs, grass(‘s, and pine-needles. 

Formica miiguinca is the oidy slavt'-making ant that is 
found in Britain ; it raids lU'sts of Formica fusca and allied 
species and carries oil' the pupa‘ oi funa to its own lu'st. When 
the fmea workers emerge, th(‘y carry on the work of the 
mnguinea nest in a])parent ignorance of th(' real natun‘ of tludr 
masters. 

(Ecophylla miaragdiva is the common red ant found in 
India, Africa, and the East generally. Nests are made in trees, 
the insects binding the leaves together with silk obtained from 
the larvae ; several ants coml)ine to hold the leaves together 
with their mandibles and legs, while other workers within the 
nest hold their larva? in their mandibles and move them back- 
wards and forwards and from side to side so that the two edges 
of the leaf are brought together by a network of silk strands. 
The ants, though they are sometimes a nuisance and bite 
severely, are energetic insect-hunters. Scale insects are often 
maintained in captivity by ants, as their excretions are greatly 
valued. 

The Formicidee have been studied in great detail by W. M. 
Wheeler in Ants: their Structure, Development and Behavior, 
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Columbia University Press (1910). The following sub-families 
have been treated in Genera Insectorum by C. Emery : — Fasc. 
102 (1910), Dorylince ; Fasc. 118 (1911), Pcnerince ; Fasc. 137 
(1912), Dolichoderinm \ Fasc. 174 (1922), Myrmicince, 

There are thirty-three species of ants recorded from Britain 
according to H. St. J. K. Donisthorpe’s work entitled British 
Ants: their Life-history and Classification (1915). 

Most species of ants are beneficial to man ; they remove 
dead or dying insects, and the driver ants (Dorylince) effectually 
clear houses of vermin, besides destroying numbers of grass- 
hoppers and locusts. There are however a few ants which are 
very destructive ; chief among these is the Argentine ant 
(Iridornyrrnex humilis). As its name implies, this insect 
originated from the Argentine, whence it was imported to the 
Southern States of America. Lately it has appeared in great 
numbers in Madeira and has actually come to Britain, where it 
established colonies in a house in Belfast ; it has also been 
found in Eastbourne. It is in America, however, that its 
presence is most troublesome ; not only is it a household pest, 
devouring almost everything eatable, but it protects, for the 
sake of honey-dew, the Aphids and Coceids occurring on orange 
trees, sugar cane, cotton, and other plants. 

The control measures adopted have been fairly successful. 
When houses are infested, tape soaked in a solution of corrosive 
sublimate (mercuric chloride), and fastened round the legs of 
beds and tables, will prevent the ants ascending : dishes con- 
taining naphthalene or mineral oil placed under the legs of 
furniture has a similar deterrent effect. To prevent the ants 
ascending trees, grease-bands containing powdered sulphur 
have been used with success. Arsenical syrups have also been 
effective, as the Argentine ant has a weakness for saccharine 
substances. 

For further information concerning the Argentine ant, the 
Bulletins of the U.S. Dept. Agr. (Entomology) should be 
consulted. 

Some of the fungus-growing ants, notably Atta texana, do 
considerable damage to vegetation when they cut off leaves 
for the purpose of using them as a fungus-growing medium. 
Cotton, fruit trees, and cereals have been defoliated by these 
ants. To control the insects, the nests should be located and 
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a solution of potassium cyanide in water should be poured into 
the openings. 

Garden ants, which raise unsightly hills and are generally a 
nuisance, may be destroyed by drilling a hole about a foot deep 
in the nest with a stick and pouring in carbon bisulphide or a 
solution of potassium cyanide, and then plugging up the hole 
so that the fumes will not escape. Dorylus orientalu is another 
pest, found in India, Ceylon, and the Malay region ; the workers 
burrow in the ground after the manner of Termites and attack 
the roots of ground-nuts and various Crncifem. The vege- 
tarian habits of these ants is in marked contrast to the carni- 
vorous habits of the other Dorylmce. 

Solenopsis geminata is the “ Fire-ant ” ; originally found in 
the warmer parts of America, it has now been introduced into 
the tropics of both hemispheres. The sting is severe and the 
ant does not hesitate to use it. These ants are to a certain 
extent harvesters, but they also subsist on animal matter. 
Often a serious nuisance in America, the fire-ant can be 
controlled by pouring carbon bisulphide or a solution of 
potassium cyanide into the nest. In India Solenopm lias 
been introduced into warehouses to check the ravages of 
Termites. 

Among the household pests, Mmomornmi pharamm 
{Myrmicince) is one of the most important ; it is a small 
reddish ant, and when it occurs in large numbers is an intoler- 
able nuisance. The insects form their nests in sonn^ sheltered 
recess behind walls or under floors, and wander all over the 
house searching for food. 
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SCIENTIFIC INDEX 

The object of the index is to provide a reference to the position of each genus 
and family ; genera are indexed only in reference to their Bystoinatic iiositioii 
and not where mentioned incidentally elsewhere. 

Names in italics are synonyms : figures in italics refer to text-figures : Homan 
figures refer to plates. 


Acalyptrates, 440 
Acanthomerida3, 433 
Acentropus, 383, 385 
Acorentomidae, 6 
Acerentomon, 3, 5 
Acerentulus, 5 
Achetidcef 39, 72 
Achorutes, 17, 18 
Achomtidao, 17 
Acidia, 443 
Acrasa, 343 
Acrajina), 344 
Acridiidas, 39, 54 
Acridium, 55, 57, 58 
Acroeinus, 200 
Acronyctinoe, 353, 354 
Aculeata, 478, 480, 501 
Adela, 392 
Adephaga, 118 
Adimcridae, 149 
Adoretus, 215 
Adoxus, 196 
Aedes, 419 
i^igeria, 389 
/Egeriulce, 388 
Aiigocera, 350 
ACgialitidae, 178 
yEnictus, 520 
iEolothripidac, 225 
iEolothrips, 224 
Aepophilidae, 248 
Aopophilus, 248 
Aepus, 248 
.^quipalpia, 314 
.^ch^, 1 
iEschnidffi, 31 
ifEsch^Knffi, 28 
iEschnines, 30 
AganaidcB, 350 
Agapanthia, 201 
Agaristidse, 350 
Agdistis, 387 


Aglycyderidac, 208 
Agnathaf 24 
Agrilus, 173 
Agrionida), 32 
Agriotos, 175 
Agriotypus, 495 
Agrornyzido), 440 
Agrotinae, 352, 353 
Agrotis, 330, .352 
Alaus, 174 
Ahddes, 200 
Aleuropteryginae, 299 
Aleurodes, 278 
Aleurodidae, 270 
Alleculidw, 180 
Alsophila, 304 
AlHcitid(Kf 387 
Alysia, 4P7 
Alysiida}, 490 
Amathusiinae, 343 
AmUid(r^ 348 
Arnblycera, 102 
Ammophila, 514 
Arnorphoscelis, 40 
Amphotis, 141 
Amphizoidae, 121 
Ampulex, 515 
Ampulieidae, 513 
Anabrus, 71 
Anacampsis, 393 
Anamcrentorna, 3 
Anaphe, 332, 330, 300 
Anasa, 239 
Anastrepha, 443 
Ancylis, 391 
Andrenidae, 510 
Andrena, 518 
Andricus, 487 
Anergates, 524 
Aneurus, 243 
Anisolabis, 107 
Anisoptera, 29> 31 
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Anisozygoptera, 31 
Anobiida^ 107 
Anornala, 215 
Anopheles, 4/3, 419 
Anoplognathus, 215 
Anoplura, 220 
Anoura, 17 
Antostia, 238 
Antlu'riea, 331, 334, 36*5 
Anthorophagus, 144 
Anthicidai, 191 
Anthocoridaa, 250 
Anthomyiidas, 452 
Anthonomus, 200 
AnthophiUi^ 515 
Anthopljora, 518 
AnthophoruiaB, 510 
Antliores, 200 
Anthreiius, 152, 153 
Anthribidw, 202 
Anurida, 18 
Apautt‘l(is, 497 
Apate, 109 
Apatura, 342 
Aphelinidas 491 
Apnelopus, 503 
Aphida^, 208 
Aphidin®, 275 
Aphidolett^s, 424 
Aphis, 270, 275 
Apidaa, 510, 520 
Apioceridas, 434 
Apion, 200 
Apis, 520 
Apochrysidao, 300 
Apogonia, 215 
Apoidoa, 515 
Aptera, 1 
Apterogyna, 500 
Arfficerus, 202 
Aradide, 242 
Arbela, 371 
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Arbelidsdy 370 
Arctia, 349 
Arotiidae, 348 
Arctiin80, 349 
Argina, 357 
Argynnis, 342 
Argyrotypidae, 371 
Arthropleona, 17 
Arixenia, 108 
Arixeniidao, 108 
Aromia, 199 
Ascalaphidro, 312 
Ascalaphus, IV 
Aschiza, 438 
Ascodipteron, 464 
Asilidse, 434 
Assmufchia, 12 
Astata, 515 
Astatidae, 514 
Asterochiton, 277, 278 
Asterolecanium, 287 
Ataxia, 201 
Athalia, 485 
Atherix, 430 
Athous, 175 
Atornaria, 144 
Atractocerus, 106 
Atropos, 96y 97 
Atta, 528 

Attacus, 331, 334, 306 
Attelabus, 205 
Attini, 525 
Auchmeromyia, 454 
Aulacophora, 197 
Aulacus, 498 
Aularchos, 55 
Austroperlideo, 23 


Bacillus, 51 
Bffitisca, 26 
Bagrada, 238 
Balaninus, 206 
Balanogastris, 206 
Banoliidffl, 494 
Barathra, 35 ly 354 
Barynotus, 206 
Bathysia, 131 
Batocera, 200 
Beckia, Id 
Belionota, 173 
Belippa, 377 
Belostoma, 255 
Belostomidae, 254 
Belytidae, 489, 490 
Bembex, 515 
Bembicid®, 514 
Berothid®) 303 
Berytid®, 239 
Bethylid®, 502 
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Bibio, 427 
Bibionid®, 426 
Biorhiza, 487 
Bittacidffl, 318 
Bittacus, II 
Blaps, 177 
Blastophaga, 493 
Blatta, 44 
Blattella, 45 
Blattidffi, 39 
Blepharipa, 459 
Blepharocerid®, 428 
Blissus, 240 
Boarmia, 363 
Bolitophila, 425 
Bombus, 520 
Bombycid®, 366 
Bombyliid®, 436 
Bombyx, 331, 332, 366, 
367 

Boopia, 102 
Borborid®, 450 
Boreidffl, 318 
Boreus, II 
Boriomyia, III 
Bostrichus, 169 
Bostrychid®, 168 
Brachycora, 430 
Brachydeutera, 449 
Brachytrypes, 75, 70 
Brachartona, 380 
Brachytarsus, 202 
Braconid®, 496 
Brahm®id®, 367 
Brassolin®, 341, 343 
Braulidffi, 464 
Brenthid®, 201 
Brontes, 142 
Bruchidce, 193 
Bruchophagus, 492 
Bucentos, 459 
Buprestid®, 171 
Buprestis, 173 
Byrrhid®, 153 
Byturid®, 139 
Byturus, 140 

C®l®nomenodera, 197 
C®nis, 27 

Calamocoratid®, 314 
Calobata, 441 
Calocorifl, 252 
Caloptenus, 59 
Calopterygid®, 32 
Calopteryx, I 
Callaphis, 275 
Callidulid®, 380 
Callimomid®, 491 
Calliphora, 455 
Callirhipis, 161 


Calyptratffl, 452 
Campodea, 1,8 
Campodeid®, 8 
Camponotin®, 525 
Campsurus, 24, 26 
Camptosomes, 195 
Cantharid®, 162 
Gantharidce, 188 
Cantharis, 163 
Capitonid®, 496 
Capniid®, 23 
Caprinia, 386 
Capsid®, 251 
Capua, 391 
Carabid®, 120 
Caradrina, 354 
Carausias, 51 
Carpocapsa, 390 
Carpomyia, 443 
CarpophiluB, 141 
Cassida, 197 
Cassidin®, 196 
Castniid®, 336, 378 
Catochrysops, 345 
Catoprochotid®, 144 
Catoxantha, 173 
Cebrionin®, 174 
Cecidomyia, 425 
Cecidomyiid®, 423 
Celonites, 513 
Celyphid®, 450 
Cephid®, 480 
Cephus, 481, 482 
Cerambycid®, 197 
Ceraphronid®, 489, 490 
Cerataphis, 275 
Ceratina, 519 
Ceratinid®, 516 
Ceratitis, 443, 445 
Ceratocarapid®, 367 
Ceratocombid®, 248 
Ceratophyllus, 469 
Ceratopogonin®, 421 
Ceratopsyllid®, 470 
Cerceris, 515 
Cercerid®, 514 
Cercopid®, 261 
Cerococcus, 287 
Cerophytin®, 174 
Ceroplastes, 286, 287 
Ceroplatus, 426 
Cerura, 361 
Cetonia, 215 
Cetoniini, 215 
Ceutorhynchua, 206 
Chalcidid®, 491 
Chalcidoidea, 491 
^®tocnema, 197 
Ch»topsi8, 442 
Chalcodermus, 206 



SCIENTIFIC INDEX 


533 


Chalcosiinse, 319 
Chalicodoma, 519 
Ghaprat 347 
Charseas, 35It 352 
Chauliodes, 291 
Cheimatobia, 363 
Chelisoches, 107 
Chermes, 276 
Chermidw, 264 
Chilo, 384, 385 
Chilomenes, 152 
Chironomidffi, 421 
Chironoraus, 422 
Chirotonetes, 26 
Chlamydina?, 196 
Chlorochroa, 238 
Chloridea, 353 
Chlorita, 263 
Chloroperla, I 
Chloropisca, 447 
Chlorops, 447 
Chortophila, 453 
Clirotogonus, 55 
Chrysidae, 500 
Chryaidoidea, 500 
Chrysia, 501 
Chryaobothria, 173 
Chryaomelidae, 194 
Chryaomyia, 454, 455 
Chryaopa, 111 
Chryaopidae, 304 
Chryaopa, 432 
Chryaopolomidao, 375 
Cicada, 257, 258 
Cicadidaa, 257 
Cicadula, 263 
Cicindela, 119 
Cicindolidao, 119 
Cimex, 249 
Cimicidae, 249 
CioidaB, 171 
CiatelidaB, 180 
Clambidae, 131 
Clavicomia, 137 
Cleonua, 206 
CloridaB, 165 
Clidogastra, 451 
Clivina, 121 
Cloeon, I, 25 
Clothilla, 96, 97 
Clytua, 201 
Clytrinao, 195 
Cnethocampa, 360 
Coccidae, 279 
CocciMellidae, 150 
Coccus, 287 
Cochlidido!, 376 
CceUodes, 206 
Coslioxys, 519 
Compsilura, 460 


Colaspidema, 197 
Colaspis, 196, 197 
Coleoptora, 111 
Collembola, 14 
Collotca, 518 
Collotidae, 516 
Collyria, 120 
Colobaihn\sti(ia\ 240 
Colpooopbaluin, 99, 102 
ColydiidaB, 148 
ConotracholuK, 206 
Coiicliaapia, 287 
Concliylia, 391 
Conioptorygida'. 209 
Coiiopalpua, 184 
Conopida?, 440 
Conopa, 411 
CoiiorbinuH, 247 
Contariiiia, 424, 425 
Conweutzia, 111, 300 
Coptopa, 201 
CoptoterrncB, .SV> 
Cordulinea, 30 
Cordylobia, 454 
Cordyluridap, 451 
Coreidae, 238 
Corixa, 256 
Corixidao, 256 
Corrodent ia, 33, 81, 95 
Corydalia, 291 
CorylophidaR, 133 
Coamopbila, 353 
CoaaidaB, 336, 372 
CosauB, 373 
Crabro, 515 
Crabronidai*, 514 
Cramhidxf , 384 
Crambinae, 384 
Craponiua, 206 
Crepidodora, 197 
Criocerinae, 194 
Crioceria, 197 
Croce, 97, 310 
Cryphalua, 208 
Crypaithyria, 395 
Cryptinas, 495 
Cryptocephahia, 195 
Cryptocerata, 252 
Cryptochaetum, 446 
CryptophagidaB, 144 
Crypfcorrhynchua, 206 
Cryptoatomea, 196 
Ctenocephalua, 469 
Ctenolepisma, 13 
CucujidaB, 141 
Culex, 407, 419 
Culicidaa, 418 
CupedidaB, 126 
CurculionidsB, 203 
Cursoria, 38 


Cyatboecrid®, 155 
Cyclica, 195 
Cyclopodia, 463 
Cyolorrapha, 398, 438 
Cydia, 337, 390 
Cylna, 20(i 
Cylindrodea, 73 
Cylindrot-oinini, 415 
Cyinatophoridin, 359 
(’ynipidffi, 486 
Cynipoidea, 486 
Cyuips, 488 
Ci/phoni(i(r, 159 
(’yphoderoH, 19 
Cyrtidie, 433 

DaclylopiuH, 287 
Dhciih, 443, 444 
Dalceridjr*, 377 
Danaiim', 343 
DaBcillidie, 159 
l)as(*yrt-ocam, 215' 
Daayrhira, 355 
DasylliH, 435 
DnwyrHMira, 425 
Delphax, 260 
Delt-ocopliabiH, 263 
l)('rinaptera, 103 
Dormatobia, 454 
I)(Trnat-opliyllurt, 468 
DerinestoH, 153 
l)ernu^Htida\ 152 
Dorodontidan 146 
DoHiantha, 206 
l)o\ik'rophle})iida% 429 
l)oxiida% 460 
Diabrotica, 197 
Diapriidap, 489, 490 
DiaatropbuK, 488 
Diairtea, 384, 385 
Dicorca, 173 
Dicbocrocia, 386 
Dictaiiomyia, 416 
Dllarid®, 298 
Dionin®, 343 
Diopaidffi, 451 
Diparopaia, 353 
Diphucophala, 197 
Diploptera, 502 
Diploschoma, 200 
Diplosis, 425 
Diptera, 397 
Discophorin®, 343 
Disphinctus, 252 
Ditoma, 148 
Dixid®, 418 
Docophorus, 102 
Dolichoderin®, 626 
Dolichopodid®, 437 
Dolycons, 238 
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Donaciinro, 194 
Donaconethis, 33 
Dorylinffi, 626 
Dorylus, 629 
Drepanepteryx, 297 
DrepanidsB, 381 
DrepanulidoBf 381 
Drilinffi, 163 
Drosicha, 287 
DroBophilidflB, 448 
Dryinidffi, 603 
Dryopidffl, 156 
Dufouroidffi, 616 
Dynast ini, 214 
Dyscritina, 104 
Dysdorcus, 241 
Dytiscidffi, 123 
Dytiscus, 123 

Earias, 337, 353 
Echidnophaga, 470 
Echinophthiriida), 230 
Eciton, 525, 520 
Ectobiiis, 44 
Elachortid®, 491 
Elaphidion, 200 
Elasmidffi, 491 
Elator, 173 
Elatoridffl, 173 
Elcnchus, 218 
Eloodos, 178 
ElmidcB, 156 
Embiidffl, 33 
Embiomyia, 459 
Einbioptera, 33 
Emenadia, 188 
Emphorid®, 516 
Empid®, 436 
Empoasca, 263 
Encyrtid®, 491 
Endaphis, 424 
Endomychid®, 149 
Endomychus, 149 
Endopsylla, 424 
Endromidffl, 374 
Eneopterin®, 80 
Ennomos, 364 
Entedontid®, 491 
Entomobryidro, 18 
Eosentomid®, 6 
Epepeotes, 201 
Ephemera, 26 
Ephemerida, 24 
Ephemeroptera, 24 
Ephestia, 337, 384 
Ephippiger, 71 
Ephydrid®, 449 
EpiblemidoB, 368 
Epicauta, 189 
EpicopeiidcB, 368, 369 


Epilachnin®, 160 
Epinotiat 390 
Epiophlebia, 31 
Epiophlebiidffi, 31 
Epitrix, 196 
Eras ti in®, 353 
Eremiaphila, 46 
Eriococcus, 287 
Eriocrania, 396 
Eriosoma, 270 
Eriosomatin®, 275 
Eristalis, 440 
Erotylidffl, 143 
Erycinid®, 345 
Eubleinma, 351, 352 
Eucclis, 390 
Euccrid®, 516 
Eucharid®, 491 
EuclcidWt 376 
Eucnomin®, 174 
Eudomis, 390 
Eudesnuis, 200 
Eugastor, (»7 
Eiilecaniuin, 287 
Eulophid®, 491 
Euinenos, 509 
Eumonidffl, 509 
Euoxysoina, 492 
Eupelmid®, 491 
Euphyllura, 268 
Euplexoptera, 103 
Eupodes, 194 
Eiiproctis, 356 
Euptorotid®, 359 
Euptoryx, 263 
Euroloon, IV 
Eurydcma, 238 
Eurymotopus, 102 
Eurytomid®, 491, 492 
Eiischeinonid®, 379 
Eustheniid®, 23 
Eutormos, 82^ 89 
Eutottix, 263 
Eutrichocampa, 9 
Euxoa, 336 
Evalljapyx, 11 
Evaniidffi, 498 
Exelaetis, 388 
Exophthalmus, 206 


Fannia, 452 
Fidia, 196 
Figitin®, 488 
Foenus, 498 
Forda, 275 
Forficula, 104 
Forficulid®, 103 
Formica, 527 
Formicid®, 523 


Formicoidea, 523 
Fulgorid®, 259 

OaleriadoSt 384 
Galeriin®, 384 
Galerucella, 196 
Galorucini, 196 
Oalgulidce, 252 
Gasteruption, 498 
Gastropacha, 373 
Gastrophilus, 461 
Gelochia, 337, 393 
GelechiadoBf 393 
Golechiin®, 393 
Goomotrid®, 362 
Gcoryssid®, 155 
Gootrupes, 213 
Gorris, 244 
Ghilianella, 247 
Glonca, 200 
Glossina, 405 
Glossinin®, 457 
Glyphodcs, 386 
Gnorimoschoma, 393 
Gnostid®, 129 
Gongylus, 49 
Gosayparia, 287 
Gryllid®, 39, 72 
Gryllin®, 78 
Grylloblatta, 72 
Grylloblattid®, 38, 39, 72 
Gryllotalpa, 77 
Gryllotalpin®, 77 
Gryllus, 73^ 75 
Guorinia, 287 
Gymnocorata, 237 
Gyrinid®, 124 
Gyropid®, 102 
Gyropus, 102 

H®matobia, 456 
Hromatoinyzid®, 229 
H®matomyzu8, 229 
H®matopinid®, 230 
Hadena, 354 
Hadenin®, 352, 354 
Halictid®, 516 
Halictophagus, 218 
Halictus, 517 
Haliplid®, 122 
Halobates, 244 
Halticin®, 195 
Haltica, 197 
Harmolitaf 493 
Harpalus, 121 
Harpax, 46 
Hebrid®, 243 
Hebrus, 243 
Helicoconis, 300 
Heliconiin®, 343 
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Heliothis, 353 
Heliothrips, 224 
Helodidaa, 160 
HoIomyzidsB, 450 
Heloridffi, 490 
Holopeltis, 252 
Helophorus, 158 
Helops, 277 
Helotidaa, 139 
Hemerobiidse, 296 
Hemimeridao, 38, 109 
Hemimerua, 109 
Hemiptera, 232 
HenicocoplialidaB, 245 
Hopialidso, 395 
Hopialus, 396 
Herso, 358 
Hesperia, 347 
Hesperiidte, 346 
Hetferocora, 337, 347 
Heteroccridro, 158 
Heterocordylus, 252 
Hot-erodoxus, 102 
Hetoroganiia, 43 
Hvterogem idw, 376 
lietvrogyna, 523 
Hetorogynidas, 370 
Heteroinora, 176 
Hetoromuricus, 19 
Hefcoroiiouridae, 449 
Hetoronychus, 215 
Hetoroptfora, 237 
Heterusia, 380 
Hierodula, 46 
Hioroglyphus, 58 
Hippoboscidaj, 462 
Hispa, 197 
Hispinaa, 196 
Histeridse, 135 
Holaniaria, 178 
Homoptera, 256 
Hoplocampa, 485 
Hormaphidina 0 , 275 
Hyantinse, 343 
Hydrellia, 449 
Hydrobius, 158 
Hydrocampinae, 385 
HydrometridaB, 243 
Hydrophilidaj, 157 
HydropsychidaB, 314 
Hydroptilidae, 314 
HydroscaphidaB, 133 
HygrobUdce^ 122 
Hylastes, 208 
Hytemyia, 453 
Hylesinus, 208 
Hylobius, 203 
HyloeidaB, 516 
HyhphilidcB, 191 
Hymenoptera, 471 


Hypatima, 394 
Hypera, 206 
Hy|>orot.e8, 96 
Hypol)oru8, 208 
Hyi>oderina, 461 
Hypsa, 357 
Hypsidas, 356 

Ibaliincp, 488 
Icer3'a, 287 
IclineumonidaB, 494 
IchnoiimoninaB, 495 
lelmoiunonoidoa, 493 
Idioooiius, 263 
Ipid(v, 206 
Ina>qnipalpia, 314 
Tnoaida, 201 
Tnoc(‘llia., 292 
Iridomynnex. 527, 528 
Tsehnoecra, 101 
Isoarolipt-eron, 304 
Isopt-era, 81 
Isosoiaa, 492, 493 
Isotoma, 16, 18, 19 
Ithoiniiiue, 343 
It/hono, TI, HI 
lt-h()nida>, 295 

Japygidjp, 10 
Japyx, 10 
Jassidjp, 263 
•Tassus, 263 

Kormos, 287 
KakothH|)s, 224 

Labia, 105, 107 
TAihidWy 247 
Labidura, 106 
Lachnost-orna, 215 
Lachniis, 275 
Lagoidw, 376 
LagriidaB, 178 
Lamellicornia, 209 
Lamia, 198 
Lamiidae, 200 
LamprosomincT!, 196 
Lampyrinaj, 162 
Langelandia, 148 
Languria, 143, 144 
Laphria, 435 
Lapromyia, 431 
LariidaB, 193 
LarridaB, 514 
Lasiocampidae, 373 
Lasioderma, 168 
Lasioptera, 425 
Lasins, 527 
Laspeyrcsia, 390 


Lathridiidm, 146 
Ijatumcophalum, 102 
Lecaniiim, 287 
Lctnoniulcp, 345 
Lepidocampa, 9 
IjepidoptK^ra, 321 
I-r(>pidosapho8, 2S1, 2S3t 
284 , 28,5 
Ix'pisina, 7, 13 
L(>pi8niida9, 12 
Loptidw, 430 
Lo[)tiind>e, 132 
Lopt iiiot-arsa, 196 
Loptispa, 197 
Leptobyrsa, 242 
Leptoeeridao, 314 
Leptogaster, 435 
Lc'ptioglossus, 239 
Lopt-operlidas 23 
Lc'ptops, 206 
Leptostylus, 200 
29 

Lesti<lje, 32 
Ldo, 395 

L(ni('ania, 336, 352 
Loucops, 446 
Loucospidro, 491 
LiboIlulidaB, 31 
Libollulinos, 30 
Libytheiniw, 346 
Ligyrns, 215 
LimacodidaB, 376 
Limnophilidie, 314 
LiirmophiluH, 316, 317 
Liinonius, 175 
Liotlioidtft, 102 
Liparid(jc, 354 
Lipoiirus, 102 
Lipoptvra, 99 
Lipura, 17, 18 
Lissorlioptrus, 206 
Lita, 392 
LitboHiiriaB, 349 
Inthodidw, 348 
LixuH, 206 
Llaveia, 287 
Lochmma, 197 
LocustidaB, 39, 66 
Locudulcp,, 39, 54 
Lohita, 241 
Lomaspilis, ,'}63 
LonchopteridaB, 438 
Longitarsus, 197 
Lophyrus, 485 
Lopophus, 54 
LucanidaB, 211 
Liicilia, 454, 455 
Lycaena, 345 
LycasnidaB, 344 
Lycma3, 162 
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Lyctidffi, 169 
LygflBidfiB, 240 
Lygiis, 262 
Lymantria, 356 
Lymantriidffi, 354 
Lymexylonidfle, 166 
Lyttidce, 188 

Machilidffi, 11 
Machilis, 12 
Macrodactylus, 216 
Macroglossa, 368 
Macropidffi, 516 
Macrosiphum, 270, 273^ 
275 

Magdalis, 206 
Mahasena, 3f)9 
MalachiinsB, 164 
Atalacodermidce, 162 
Malacosoma, 374 
Mallophaga, 09 
Mallophora, 435 
Mansonia, 419 
Mantideo, 39, 45 
Mantis, 50 
Mantispa, IV 
Mantispida^ 306 
Margarodos, 287 
Margarodinffi, 287 
Maruca, 386 
Masaridffi, 513 
Mayotiola, 423, 424 
Meconema, 68 
Mocoptora, 318 
Megachile, 519 
Mogaohilida), 616 
MogalopygidiB, 376 
Megaloptcra, 289 
Megalothoracidwj 20 
Megalo thorax, 20 
Megastigmus, 492 
Megistorhyncus, 433 
Melandryidaa, 184 
Melanoplus, 63 
Melanotus, 175 
Molasoma, 197 
Melecta, 618 
Meligethes, 141 
Melipona, 517 
Mellinidffl, 614 
Mellinus, 615 
Moloidro, 188 
Melolontha, 113, 216 
Melolonthinse, 214 
Melophagus, 462 
Melyrid®, 164 
Membracidffi, 260 
Menopon, 101, 102 
Merodon, 440 
Meromyza, 447 


Meropidffi, 318 
Mesopsocus, 96 
Metsecus, 187 
Methoca, 606 
Methocidae, 605 
Miastor, 423 
Microcentrum, 69 
Microdon, 440 
Microgaster, 497 
Micropozidae, 441 
Micropterygidse, 396 
Miltogramma, 458 
MindarinsB, 275 
MiridaR, 261 
Moocha, 200 
Molannidao, 314 
Monohammus, 200 
Monolepta, 197 
Monommidae, 180 
Monomorium, 529 
Monophlebulus, 287 
Monophlebus, 287 
Monotomidae, 142 
Monoxia, 197 
Mordollidao, 185 
Mordellistena, 186 
Morphinao, 336, 343 
Murgantia, 238 
Musca, 413, 454, 456 
Muscaridce, 461 
Miiscina, 466 
Muscidas, 463 
Mutillidaa, 605 
Mycetophagidao, 147 
Mycotophilidae, 425 
Mydaoa, 452 
Mydaidao, 434 
Mylabris, 189 
Mymaridae, 491, 492 
Myodochidw, 240 
Myrientomata, 3 
Myrmecophilinas, 78 
Myrmeloonidae, 310 
Myrmica, 526 
Myrmicinae, 625 
Myrmosidae, 605 
Myrmosa, 506 
Mytilaspis, 281, 283, 284, 
285 

Nabis, 247 
Nacerdes, 183 
Nasonia, 492 
Naucoridae, 254 
Naucoris, 254 
Necrobia, 166 
Necrophorus, 131 
Neelidae, 20 
Neelus, 20 

Nematus, 480, 484, 485 


Netneobiidce, 345 
Nemestrinidac, 433 
Nemocera, 415 
Nemoptera, IV, 310 
Nemopteridas, 309 
Nemosoma, 138 
Nemouridae, 23 
Neocastniidao, 378 
Nepa, 253 
Nepidae, 253 
Nesiotinus, 102 
Neuroptera, 294 
Nezara, 238 
Nicoletia, 13 
Nilionidaa, 181 
Nina, 310 
NiponiidaB, 136 
Nirmus, 102 
Nitidulidas, 140 
Noctuidae, 336, 350 
Nolinae, 350 
Nomada, 518 
Nomadidae, 516 
Nomiidae, 516 
Nonagria, 353 
Nosodendridae, 164 
Nothochrysa, 306 
Notiothauinidae, 318 
Notodontidas, 360 
Notonecta, 255 
Notonectidae, 255 
Notoxiis, 192 
Nycteribiidae, 463 
Nymphalidae, 341 
Nymphalinae, 343 
Nymphes, IV, 308 
Nymphidae, 308 
Nymphula, 385 
Nyssia, 364 
NyssonidaB, 613 


Oberea, 201 
Ocypus, 128 
Odonata, 28 
Odontata, 197 
OdontoceridaB, 314 
Odynorus, 509 
(EcanthinaB, 78 
CEcanthus, 74, 76, 76, 79 
(EcophoridcB, 394 
CEcophorinae, 394 
CEcophylla, 527 
(Edemeridae, 182 
(Estridae, 461 * 

Oinophila, 337, 394 
Olibrus, 145 
Oligarces, 423 
Oligotoma, 33 
Oligotomid^, 35 
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Oligotrophes, 425 
Omophlus, 178 
Oncognathus, 252 
Oncopeltus, 240 
Oniscigaster, 25 
Opatrum, 177 
Ophideres, 331 
Ophion, 494 
Ophionidw, 495 
Orchesella, 19 
Orchesia, 184 
Orchostes, 206 
Orgyia, 355 
OrneodidsB, 387 
Ornithoptera, 339, 340 
Orphnephilidas, 430 
OrtalidsB, 442 
Orthezia, 280^ 287 
Ort-hocladius, 422 
Orthoptera, 36 
Ort-horrapha, 398, 415 
Orfchotylus, 252 
Oryctes, 117, 215 
Oryssidee, 483 
Ostomida}, 138 
Oscinella, 447 
Oscinis, 447 
Oscinidas, 446 
Osmia, 519 
Osmylidae, 303 
Osmylus, III 
Osphya, 184 
Othniidte, 179 
Otiorhynchus, 206 
Ourapteryx, 363 
OxybelidaB, 514 
OxycaraenuB, 240 
Oxyura, 488 

Pachnaeus, 206 
Pachnophonis, 197 
Pachycrepis, 492 
Pachyrhina, 416 
Pachytylus, 62, 65 
Palaeococcus, 287 
Palasotropinae, 343 
Paleacrita, 364 
Palingenia, 26 
Palustra, 360 
Pangonia, 432 
Panorpa, II 
Panorpidae, 318 
Panurgidae, 516 
Papilio, 339t 340 
Papiliomdae, 339 
Papirius, 19 1 20 
Parajapyx, 11 
Paraneuropterat 28 
Parasa, 377 
paraeemidalis, 300 


Parasitica, 478 
Parnassius, 340 
Parnara, 347 
Parnidcc, 156 
PaBaalida% 200 
PaxissidiB, 125 
Pcctcmphora, 393 
Pediciiiao, 230 
Pcdicvilidao, 230 
Potliculinae, 230 
Pediciilus, 227, 229, 230 
Pedilidce, 191 
Pogomyia, 453 
lVlociiiida% 488, 490 
PolocinuB, 490 
Pelobiidao, 122 
Polobiufl, 122 
Pelogonidip, 252 
PomphoroB, 206 
Pornphrodon, 515 
Peinphredoiii<iaR, 5 1 4 
Peiitatoina, 238 
Pontatomida', 237 
Percgrimis, 260 
Porilampida^, 491 
Periplanot-a, 40, 45 
Poritelus, 206 
PcrkiiiBiolla, 107, 260 
Perla, 22 
Perlaria, 21, 289 
Porlidae, 23 
Perlodides, 23 
Perophora, 376 
PoropboridaB, 375 
PorothopinaB, 174 
Poirisia, 424 
Petalurinae, 29 
Petiolata, 478 
Potriidae, 181 
PezomawjhuB, 495 
Phaedon, 195, 196 
PhaonocephalidaB, 134 
PhalacridaB, 145 
PharealiinaB, 495 
Phasgonura, 71 
Phasgonuridcs, 39, 66 
PhasmidaB, 39, 61 
PhaudinaB, 380 
Phenawoleachiinae, 287 
PhilanthidaB, 614 
Philanthus, 516 
Philopotamidae, 314 
Philopteridae, 102 
Pljlebotomiifl, 417 
PhleothripidaB, 225 
Phlaeotribus, 208 
Phorbia, 452 
PhoridaB, 437 
Phorodon, 269 
Phryganea, 314, 315 


Phrygaiioidai, 314 
Phryiiota, 201 
PhthiruB, 228, 230 
PlithoriinaBa, 393 
Phycitidfv, 384 
Pliyc'iiinap, 384 
PhylutinuB, 206 
Phylla])biB, 275 
PhylUuni, 51, 52, 53 
PhyllobiuB, 20() 
Phyllodromia, 43, 44 
Phyllognathus, 215 
Pliylloportha, 215 
Pl\yllotn‘t»a, 197 
Phylloxera, 270, 275 
Phylloxeriiuo, 275 
Phyiiuiiida>, 245 
Phym})oda, 219 
PliysopuB, 224 
PhytaluB, 215 
PhytononmB, 206 
Phytopluvga, 193 
PhylopliihireB, 256 
Pi(*ri<la>, 340 
PieriB, 34(f, 341 
Piinj)lina\ 495 
Pionea, 383 
Piopbila, 448 
Pip\ine\iiid80, 438 
Pipimeulus, 439 
Planipoiinia, 294 
Platygaater, 489 
PlatygaBtridao, 490 
Plaiy]>ezidie, 438 
Platypidcr, 206 
PlatypByllidaB, 137 
Platyptcra, 21 
Platypus, 208 
Platyrrbinidas 202 
Platystelea, 12 
Plea, 255 
Pleeoptora, 21 
Plectoptera, 24 
PTosiocoris, 252 
Plusia, 354 
Plutellinae, 394 
Plutellidcp, 394 
Podops, 238 
Podura, 18 
PoocilocapsuB, 252 
PolieteB, 457 
Polistes, 611 
Pollenia, 465 
Pollinia, 287 
PolycentropidaB, 314 
Polycerata, 127 
Polychrosis, 390 
Polyctenes, 260 
PolyctenidaB, 260 
Polymorpha, 127 
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Polyplocidce, 369 
Polyrhachis, 625 
Polystigmata, 226 
Polystoechotidw, 302 
Pompilidffl, 607 
PonerinsB, 525 
Prays, 394 
Prionus, 201 
Prisopus, 54 
Proctotrypidae, 488, 489 
Prodenia, 354 
ProjapygidsB, 9 
Projapyx, 9 
Promachus, 435 
Proscopides, 55 
Prosopis, 617, 518 
Prosopistoma, 26 
ProtapterUt 6 
Protapterorif 5 
Proterhinidffi, 209 
Protocalliphora, 454 
Protoparco, 358 
Protura, 3 

PmmmocharidWt 507 
Pselaphidffi, 129 
Psen, 515 
Pseiiida3, 513 
Psephenidw, 159 
Psoudococcus, 282 
Psoudocorylophidao, 134 
Psovidoneuroptera, 81 
Pseudosphinx, 358 
Psilid®, 441 
Psilodora, 487 
Psithyrus, 520 
Psocoptora, 95 
Paocua, 98 
Psychidffi, 369 
Psychoda, 417 
Psychodid®, 416 
Psyehomyiid®, 314 
Psychopsid®, 301 
Psychopsis, III, 301 
Psylla, 266, 266, 267 • 

' Psyllid®, 264 
Psylliodos, 196 
Psyllopa, 265, 268 
Pterochroza, 66 
Ptorocroce, 310 
Pteromalidre, 491 
Pteronarcid®, 23 
Pterophorid®, 387 
Pterostichus, 121 
Pterothysanid®, 364 
Pterygota, 21 
Ptinid®, 167 
Pulex, 465, 469 
Pulicid®, 468 
Pulvinaria, 287 
Pupipara, 462 


Pyralid®, 336, 337, 382 
PyralididoB, 386 
Pyralidina, 383 
Pyralin®, 386 
Pyralis, 387 
Pyrameis, 342 
Pyrmisiidoe, 385, 386 
Pyraustin®, 386 
Pyrollia, 456 
Pyrgotin®, 442 
Pyrilla, 260 
Pyrochroid®, 189 
Pyrophorin®, 174 
Pyrrhocorid®, 241 
Pyrrhocoris, 241 
Pythidffi, 183 

Ranatra, 253 
Raphidia, II 
Raphidiid®, 292 
Ratardid®, 372 
RfHluviid®, 246 
Rhagoletis, 443, 444 
Rhipicerid®, 161 
Rhipiphorid®, 186 
Rhizopertha, 169 
Rhodites, 487 
Rhogas, 498 
Rhop®a, 215 
Rhopalocera, 325, 337, 
338 

Rhopalogastor, 436 
Rhopalornorid®, 446 
Rho[)alo8iphum, 275 
Kiodmidce, 345 
Ripersia, 287 
Rhyacophilid®, 314 
Rhynchites, 205 
Rhynchophora, 201 
Rhynchophorus, 206 
Rhynchota, 232 
Rhyphid®, 430 
Rhysodid®, 126 
Rhyssa, 482, 495 
Riitelini, 214 

Sagrin®, 194 
Saissotia, 287 
Saida, 248 
Saldid®, 247 
Saltatoria, 38 
Sandalus, 161 
Sanna, 67 
Sanninoidea, 389 
Saperda, 200 
Sapromyza, 411 
Sapromyzidffi, 446 
Sapygid®, 505 
Sarcophaga, 458 
Sarcophagid®, 457 


Sarcopsyllid®, 468 
Sargus, 431 
Saturnia, 334 
Satumiid®, 364 
Satyrin®, 342, 344 
Scaphidiid®, 135 
Scapteriscus, 78 
Scaptomyza, 447 
Scarab® id®, 213 
Scarab® in®, 214 
Scatophaga, 404, 451 
Scelionid®, 489, 490 
Sceliphron, 614 
Scenopinidffl, 436 
Schistocorca, 60, 63 
Schizodactylus, 66, 71 
Schizopliora, 440 
Schizoneura, 270 
Schoenobiin®, 385 
Sciara, 425, 426 
Sciomyzidffi, 450 
Scirpophaga, 385 
Scirtothrips, 224 
Scoliid®, 504 
Scolytidffi, 206 
Scolytus, 208 
Scraptiid®, 185 
Scydmffinid®, 130 
Selenophorus, 264 
Semasia, 390 
Somidalis, 300 
Sepsid®, 448 
Sericostomatid®, 314 
Serphidffl, 489, 490 
Sorphoidoa, 488 
Serricornia, 159 
IScsamia, 353 
Sesia, 389 
Sosiid®, 388 
Sessilivcntres, 478, 480 
Sialid®, 290 
Sialis, II 

Signiphorid®, 491 
Silpha, 131 
Silphid®, 130 
Silvanus, 142 
Simuliid®, 427 
Sinodendrid®, 212 
Sinoxylon, 169 
Siphanta, 260 
Siphonaptera, 465 
Siphonophora, 270 
Siphonella, 447 
Siricid®, 482 
Sisyrid®, 298 
Sitaris, 117, 189 
Sitones, 206 
Sminthurid®, 19 
Sminthurides, 20 
Smrnthurinus, 20 
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Sminthurus, 17, 20 
Solenopsis, 529 
Spalangidae, 491 
Spormophorella, 304 
SphsBriidffi, 133 
SphsBridiina), 158 
Sphffiritidao, 138 
Sphaerocharinie, 190 
SphecidaB, 514 
Sphecoidea, 502 ^ 513 
Sphenoptera, 173 
Sphenophorua, 206 
Sphindid®, 170 
Sphingidffi, 357 
Sphyracephala, 451 
Spilosoma, 350 
Staphylinidffi, 127 
Sfcaphylinoidea, 127 
St-auropus, 301, 302 
Stegornyia, 419 
Steirastoma, 200 
Stelidid®, 516 
Stdis, 519 
Steplianidffi, 499 
St-cphanitis, 242 
Stephanodofes, 208 
Stcnopelinatus, 7 1 
Stigmodera, 173 
Stilbiim, 501 
Stomoxys, 455, 450 
St-ratiomyid®, 431 
Strcblida^, 403 
Stre|)fiiptora, 210 
Strornatium, 200 
Stylopid®, 216 
Stylops, 218 
Sylept-a, 380 
Sympetrum, 29 
Symphypleona, 17, 19 
Synemon, 378 
Synteliid®, 137 
Syiitomid®, 348 
Syrphid®, 439 
Syrphus, 408 
Systena, 197 

Tabanid®, 431 
Tabaniis, 409, 410, 432 
Tacbardia, 287 
Tachinid®, 458 
Tachycines, 70, 71 
Tachytes, 515 
T®niopteryx, 23 
Tffiniotes, 201 
Tffifiiothrips, 220, 223 
Tanymecus, 206 
Tanypezid®, 441 
Tanypin®, 422 
Telephoridce, 102 
Temnochilid®, 138 


Tenobrio, 177 
Tenobrioides, 138 
Teiiebrionid®, 170 
Tenthredinid®, 483 
Tenthredinoidoa, 480 
Tenthredo, 484, 485 
Terebrant-ia, 225 
Termos, 83 
Termituicp, 81 
Torniitoxonia, 437 
Tet-rastichid®, 491 
Tetrigin®, 50 
Tottigonia, 264 
Tctii^oniidw, 00 
Tottix, 00 
Thais, 339 
Thoa, 151 
Thorevid®, 435 
Thormobia, 13 
Thorietid®, 1 45 
Tboryboa, 340 
Thripidu*, 225 
Thripo<*toiiu8, 224 
Tlirips, 224 
Tliro8cida>, 175 
Thyatirid(r, 359 
Thynnid®, 507 
Thyrididffi, 382 
Tbyrsophorus, 95 
'Physanoptora, 219 
Thysanura, 0 
Tineidcn, 394 
Tineid®, 337, 391 
Tineinn, 392 
Tincin®, 394 
Tinoola, 394 
Tirigid®, 242 
Tingi8, 242 
Tipliia, 504 
Tipula, 410 
Tipulid®, 415 
Tinotocera, 391 
Tomocerus, 18, 19 
Tortrudd®, 330, 337, 389 
Tortricitia, 389 
Trama, 270, 275 
Trichobaris, 200 
Trichodectes, 102 
Trichodoctid®, 102 
Trichodes, 165 
Trichogrammid®, 491 
Trichomatidce, 303 
Trichophaga, 337, 394 
Tricophora, 262 
Trichoptera, 314 
Trichopterygid®, 132 
Trichostomea, 195 
Tricondylea, 120 
Trictenotomid®, 192 
Tridactylin®, 77 


Tridactylus, 77 
Tridymidro, 491 
Trigoiialid®, 499 
Trigonidiinro, 80 
Triphlops, 223 
Tritoxa, 442 
Trixagidro, 175 
Trogodonna, 153 
Trogositidw, 138 
Trypctidffi, 443 
Trypodciidron, 208 
Trypoxylon, 515 
Try poxy lonid®, 514 
Tryxalw, 56 
Tubulifera, 225 
Tnhulifvra, 500 
Typhlooyba, 204 

Ulidiinfl]!, 442 
Ulocoriiuw, 201 
Uracanthiw, 200 
Uraniid®, 308 
Urothripid®, 225 

VaiioBsa, 342, 343 
V'cTiniloo, 431 
VoHpa, 511, 512 
Vospidas 510 
Vospoidoa, 501 
Vipionidat, 490 
Vdracdiola, 345 
Volucolla, 440 

Walkeriana, 287 

Xonopaylla, 465, 409 
Xenos, 2/7.218 
Xoaiobium, 168 
Xiphidiurn, 08 
Xiphydria, 482 
Xipliydriidffl, 483 
Xyloborus, 208 
Xylocopa, 520 
Xylocopid®, 510 
Xylocriufl, 201 
Xylopertha, 109 
Xylophilid®, 190 
Xylotrechus, 200 
Xylotrupos, 215 

Zabrus, 121 
Zolofcypia, 395 
Zephyrus, 344, 345 
Zcuzera, 373 
Zicrona, 237 
Zoraptera, 92 
Zorotypid®, 94 
ZorotypuB, 93, 94 
Zyg®nid®, 379 
Zygoptera, 29, 31 
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Alder-flies, 289, 290 
Ant-lions, 310 
Ants, 523 

Apple Span Worm, 364 
Apple Sucker, 266 
Argentine Ant, 527, 528 
Army worms, 336, 362 
Assassin-flies, 434 


Bag worms, 369 
Bark Borers, 206 
Bed-bugs, 249 
Bees, 515 
Bird Lice, 99 
Biting Lice, 99 
Black Arches, 356 
Blackbeetles, 39 
Black onion-fly, 442 
Blow-flies, 455 
Bluebottles, 453 
Body Louse, 230 
Bollworms, 336, 351, 353, 
393 

Book Lice, 95 
Borers, 336, 353, 384 
Bot-flies, 461 
Breeze-flies, 431 
Bl'istletails, 11 
Brown lace-wings, 296 
Brown tail, 356 
Buffalo-gnats, 427 
Buff Ermine, 350 
Bugs, 232 
Bumble-bees, 520 
Burnets, 379 
Burying Beetles, 130 


Cabbage-root fly, 45 
Cabbage White, 340 
Caddis-flies, 314 
Canker Worms, 364 
Carpenter-bees, 620 
Carrot-fly, 441 


Case weavers, 369 
Celery -fly, 443 
Collar Beetle, 177 
dieese -hoppers, 448 
Chigoes, 468 
Clegs, 431 
Click Beetles, 173 
Clothes moth, 337, 394 
Clouded Border, 363 
Cluster fly, 465 
Cochineal, 286 
Cockroaches, 39 
Codlin Moth, 337, 390 
Colorado Beetle, 195 
Congo floor maggot, 454 
Cotton-stainers, 241 
Crab Louse, 230 
Crane-flies, 416 
Crickets, 72 
Cuckoo-spit, 261 
Cutworms, 336, 352 

Daddy-long-legs, 415 
Death Watches, 95 
Demoiselles, 31 
Diamond Back moth, 394 
Digger-wasps, 604, 607, 
613 

Dragonflies, 28 
Drinker Moth, 356 

Earwigs, 103 
European Corn Borer, 
386 

Eye-fly, 447 

Fig-insect, 493 
Fire-brat, 13 
Fire-flies, 174 
Flea-beetles, 195 
Fleas, 465, 468 
Flesh-flies, 467 
Flies, 397 

Flour moth, 337, 384 
540 


Fluted Scale, 286 
Footmen, 349 
Forest-fly, 462 
Fringewings, 219 
Frit -fly, 447 
Froghoppers, 261 
Frog -spit, 261 
Fruit borers, 337, 390 
Fruit flies, 443 
Fungus-gnats, 425 

Cad -flies, 431 
Call gnats, 423 
Gall wasps, 486 
Gipsy moth, 356 
Gnate, 418 
Goat moth, 372 
Golden Eyes, 304 
Gout-fly, 447 
Grass moths, 384 
Greenbottles, 453 
Greenfly, 268 
Grasshoppers, 54 
Green Grasshoppers, 66 
Green lace-wings, 304 

Hawk moths, 357 
Head Louse, 230 
Hessian fly, 423, 424 
Hive-bees, 620 
Honey-bees, 620 
Hook-tips, 381 
Hornet, 612 
Horse-flies, 431 
Horse-stingers, 28 
House-fly, 453, 454 
Hover-flies, 439 
Humming Bird moths, 
367, 368 • 

Ichneumon flies, 494 

Jerusalem Cricket, 71 
Jiggers, 468 
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Jumpers, 448 
Jumping Plant-lice, 264 

Katydid, 68, 69 
Kentish Glory, 374 


Lac, 286 
Lace-wings, 294 
Lace -wing Bugs, 242 
Lackey, 374 
Ladybirds, 150 
Leaf-curling midge, 424 
Leaf-cutting bees, 519 
Leaf-footed Bugs, 238 
Leaf hoppers, 263 
Leaf Insects, 51 
Leather-jacket, 415 
Lepidoptera, colours of, 

329 

Lepidoptera, larvae of 
323 

Lesser House-fly, 452 
Lice, 226 

Lobster moth, 361 
Locust, 39, 54 
Longicorns, 197 
Longhorn Grasshoppers, 

55, 66 

Loopers, 363 

Mason-bees, 519 
Mayflies, 24 
Meal worm, 177 
Mealybugs, 279 

Mealy Wings, 276 

Mediterranean fruit-ny, 
443, 445 
Midges, 421 
Mole Cricket, 77 
Mosquitos, 418 
Moth-flies, 416 
Moth lace-wings, 29 
Mud -wasps, 509 
Musk Beetle, 199 


Owlet-moths, 350 
Owl-midges, 416 

Peach Scale, 286 
Pill Beetles, 153 
Pink BoUworm, 393 
Plant-lice, 268 
Plume moths, 387 
Praying Mantises, 45 
Prominonts, 360 
Pubic Louse, 230 
Pulse Beetles, 193 
Puss Moth, 361 


Rat-tailed maggot, 440 
Red Ant, 527 
Red Slug caterpillars, JoU 
Rico Case Worm, 385 
Robber-flies, 434 
Rove Beetles, 127 
Ruby-wasps, 500 


Snake-flies, 289 
Soothsayers, 45 
Span-worms, 363 
Squeaker, 122 
Stag-beetle, 212 
Stem Saw-flies, 480 
Stick Insects, 51 
Stink-flies, 304 
Sucking Lice, 226 
Sulphurs, 340 
Surface Caterpillars, 

351, 352 

Swallowtails, 339 
Swifts, 395 


Onion-fly, 452 
Orange Tip, 341 


Sand Cricket, 71 
Sand-flies, 416 
San Jo 86 Scale, 286 
Saw-flies, 483 
Scale Insects, 279 
Screw-worm fly, 454 
Sheep-ked, 462 
Sheep-maggot fly, 455 
Sheep-tick, 462 
Shield Bugs, 237 
Shorthorn Grasshoppers, 

55 

Signal-flies, 442 
Silk, 331 

Silk, Chinese Tussar, 33.) 
Silk, Eri, 331, 334 

Silk, Muga, 331, '33!» 

Silk, Mulberry, 331, 33Z, 
367 

Silk, Shantung, 332, 335 
Silk, Tussar, 331, 334, 
365 

Silver-fish, 13 
Skippers, 346 


Tent caterpillars, 374 
Termites, 81 
Thorn Insects, 260 
Thrips, 219 
Tiger-l)eetlcs, 119 
Tiger Moths, 349 
Tsetse (lies, 456 ^ 
Tussock moths, 354 


Vapouror moth, 355 

Warble-flies, 461 
Wasps, 510 
Watorscorpion, 253 
Weevils, 203 

Western Cricket, 71 

Western Grain Saw-fly, 
481 

Wheat bulb fly, 453 
Wheat joint worm, 492 
Wheat midge, 425 
Whirligigs, 124 
Whites, 340 
White Ants, 81 

WhiU)Fly, 376 

Wild silk moths, 364 
Window-flies, 435 
Wire ’ "orms, 174 
Wood Ant, 527 
Wood -borers, 482 
Wood -wasps, 482 
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